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RE: Louisa County Regional Wastewater Treatment Plant Expansion
Final Streamlined Water Effects Ratio Report

Please find enclosed an updated report for the Louisa County Regional Wastewater
Treatment Plant (WWTP) Streamlined Water-Effect-Ratio (WER) for Copper. The final
report includes supplemental sampling carried out in February 2008 to address concerns
raised by DEQ over one of the original samples reported in 2007. The original sample,
collected in July 2007, had a Total Suspended Solids measurement of 81 mg/l which was
significantly higher than the permitted limit of 15 mg/l (weekly average).

The third effluent sample was collected on February 20, 2008. The CBoD in the effluent
was non-detect «2.0 mg/l), ammonia was 0.28 mg/l, and TSS was 10 mg/I. All of these
parameters were within the permitted discharge limits, indicating that the WWTP was
operating normally during the sampling event.

The WER value for the February study is 16.94. The final WER value, utilizing the
original May 2007 data and the February 2008 data, is 15.70.
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cc: Alison Thompson, DEQ NVRo wi Enclosure

Bar Delk, LCW A wi Enclosure
Brian Marks, Town of Louisa wlo Enclosure
Dick Sedgley, AquaLaw wi Enclosure
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padfZW_ xS5 uWY[a`
eWbf5 aX f`h5 tgS^[fk

BCArm=yw>rp FrA s?A o?@@rA Ar@?AC
BD@@yr=r>Cmy Bm=@w>t rEr>C

y?DwBm o?D>CH FmCrA mDCu?AwCHi
y?DwBm Artw?>my BC@

lTihln moQfbnnTS nhI
STqQTlls
WeTg PeeTg3 pblWbgbP

lm1\3.J m[ma6m
maTPes TgpblhufTgnPe mTlpbRTm3 bgR5
8E:: Pcljiln Qiof«pwlz3 mocn« S
q«mn Rifogxcw3 mionb Rwlifchw 9F8D9



BCArm=yw>rp FrA s?A o?@@rA Ar@?AC
BD@@yr=r>Cmy Bm=@w>t rEr>C

y?DwBm o?D>CH FmCrA mDCu?AwCHi
y?DwBm Artw?>my BC@

nbcm l«jiln chyfoz«m w`off n«rn wyyiohni` nb« V«xlowls973977E3 mwgjfcha «p«hn whz
qTl mnozs `il yijj«l5 nb« wnnwyb«zwjj«hzcy«m yihnwch wfflwqzwnwchyfozcha mwgjfcha
zwnw3nircycns n«mn l«jilnm3 whz whwfsncywfl«jilnmI



BCArm=yw>rp FrA s?A o?@@rA sDyy CrGC Ar@?AC
BD@@yr=r>CmAH Bm=@yw>t

y?DwBm o?D>CH FmCrA mDCu?AwCHi
y?DwBm Artw?>my BC@

nb« eiocmw Riohns qwn«l Ponbilcns iqhm whz ij«lwn«m nb« eiocmw l«acihwf mni h«wl nb«
chn«lm«yncih i` mnwn«lion« 99 whz o5m5lion« ::5 nb« `wycfcns zcmybwla«m chni Q«wp«l Rl««e ch
nb« sile lcp«l Qwmch5 nb« `wycfcns bwm wzcmybwla« j«lgcn3 /pP77CDFBA03qbcyb bwm wjlijim«z
gihnbfs wp«lwa«yijj«l fcgcn i` 7577BBga6e wmninwf l«yip«lwxf«3whz wq««efs wp«lwa«yijj«l
fcgcn i` 7577BBga6e5 Q«ywom« nb« gwncihwf Rlcn«lcw `il g«nwfm joxfcmb«z xs nb« omTi P wl«
wzgcnn«zfs ip«lfs4jlin«yncp« `il gwhs `wycfcnc«m whz nb«cl l«y«cpcha mnl«wgm3nb« omTiP /8FFA0
whz nb« mnwn«i` pclachcw /Fp PR9B49C7V0 bwp« wffiq«z nb« z«p«fijg«hn i` mcn«4mj«yc`cy ylcn«lcw5
hh« g«nbiz i` z«p«fijcha mcn«4mj«yc`cy g«nwfm ylcn«lcw cm nb« qwn«l4T``«yn lwnci /qTl0 mnozs5 P
qTl mnozs jlizoy«m w gofncjfc«l qbcyb gws x« wjjfc«z ni nb« TiP.m gwncihwf Rlcn«lcw `il
yijj«l3 nbom chyl«wmcha nb« `wycfcns.m `chwf j«lgcn fcgcnm `il yijj«l5

wV yihdohyncih qcnb S«qx«lls3 wyijj«l mnl«wgfch«z qTl mnozs qwm j«l`ilg«z ch 977D `il nb«
eiocmw l«acihwf mni xs mb«wfsThpclihg«hnwf m«lpcy«m3bhy5 nqi mnozc«m q«l« yigjf«n«z ch
wyyilzwhy«qcnb nb« mnl«wgfch«z f«nbiz5 nb« `clmn qwm j«l`ilg«z ih fws 8C3977D5 T``fo«hn
whz l«y«cpcha mnl«wg mwgjf«m q«l« yiff«yn«z fws 8A48B3977D5 nb« qTl z«n«lgch«z qcnb
7LXPUKHVOTPH K[IPH /w `l«mbqwn«l chp«ln«xlwn« ch nb« `wgcfs Rfwziy«lw0qwm 8A5BC̀ il ninwf
yijj«l5 nb« m«yihz qTl mnozs qwm j«l`ilg«z cofs 8E3977D3omcha «``fo«hn whz l«y«cpcha mnl«wg
mwgjf«m yiff«yn«z cofs 8C48D3977D5 nb« l«mofncha ninwf yijj«l qTl pwfo« qwm 9:588 `il ninwf
yijj«l5 nb« `chwf qwn«l4«``«yn lwnci /VqTl0 qwm z«n«lgch«z wm nb« a«ig«nlcy g«wh i` nb« nqi
R5K[IPH qTl pwfo«m5 nb« VqTl z«p«fij«z `il nb« eiocmw l«acihwf mni qwm 8E5:A5

ojih n«ybhcywf l«pc«q xs nb« mnwn«i` pclachcw S«jwlng«hn i` Thpclihg«hnwf kowfcns /STk03 cn
qwm hin«z nbwn nb« ninwf momj«hz«z mifczm /nmm0g«wmol«g«hn ih nb« cofs mwgjf« qwm «f«pwn«z5
Q«ywom«nb« nmmg«wmol«g«hn i` E8 ga6e qwm mcahc`cywhnfs bcab«l nbwh nb« j«lgcnn«z fcgcn i` 8B
ga6e /q««efs wp«lwa«03nb« «``fo«hn mwgjf« qwm yihmcz«l«z wnsjcywf5P nbclz mwgjfcha «p«hn qwm
l«ko«mn«z xs pPSTk ch cwhowlsi`977E5

wV l«mjihm« ni nb« p PSTk l«ko«mn `il wzzcncihwf mwgjfcha3 j«lmihh«f i` mb«wfsThpclihg«hnwf
m«lpcy«m3 bhy5 yiff«yn«z w nbclz yigjimcn«z «``fo«hn mwgjf« wn nb« eiocmw l«acihwf mni ih
V«xlowls 973 977E5 Pff yb«gcywf jwlwg«n«lmq«l« ch yigjfcwhy« qcnb gihcnilcha l«kocl«g«hnm5
qcnb wqTl pwfo« `il nb« mnozs i` 8C5FA3nb« h«q `chwf qTl /VqTl0 pwfo« ywfyofwn«zomcha nb«
fws 977D whz nb« V«xlowls977E zwnwcm 8B5D75

nb« mnozs wzb«l«z ni TiP E9:4Q4FA47783<TZLXPS ;[PKHTJL UT 8LZLXSPTHZPUT HTK EYL UM FHZLX'
9MMLJZ BHZPUY MUX ?LZHRY% wmq«ff wm nb« mnl«wgfch«z f«nbiz ziyog«hn3 CZXLHSRPTLK FHZLX'9MMLJZ
BHZPU AXUJLK[XL MUX 8PYJOHXNLY UM 7UVVLX /TiP4E994l4hb477B05 Vil z«nwcf«z nircycns n«mncha
aoczwhy«3 ?LZOUKY MUX ?LHY[XPTN ZOL 6J[ZL DU^PJPZ_ UM 9MMR[LTZY HTK BLJLP\PTN FHZLXY ZU
:XLYO]HZLX HTK ?HXPTL @XNHTPYSY% Vc`nb Tzcncih3 TiP E984l47947893 qwm om«z5



eiocmw l«acihwf mni qTl `il Rijj«l
V«xlowls 977E mojjf«g«hnwf mnozs

mb«wfsThpclihg«hnwf m«lpcy«m3 bhy5
iwa« 9 i` 88

hh V«xlowls 8F3 977E3 wh bmRhx yigjimcn« mwgjf«l qwm m«n4oj xs j«lmihh«f i` mb«wfs
Thpclihg«hnwf m«lpcy«m3bhy5wnnb« eiocmw mni ni yiff«yn `chwf «``fo«hn `lig nb« `fog« `iffiqcha
ofnlw4pcif«n zcmch`«yncih5 nb« yigjimcnil ohcn qwm `cnn«z qcnb n«`fihx noxcha whz wn«`fihx4
fch«z mnlwch«l5 Pff «kocjg«hn chyfozcha nb« afwmm yiff«yncih dwl3 mnlwch«l3whz noxcha3 qwm wycz4
qwmb«z jlcil ni om«5 S«4cihct«z fwxilwnilsqwn«l qwm jogj«z nblioab nb« yigjimcncha ohcn3 whz
wh wfckoin qwm jl«m«lp«z qcnb hcnlcy wycz `il ninwf yijj«l whwfsmcmwm wh «kocjg«hn xfwhe5 nb«
yigjimcnil qwm jlialwgg«z ni x«ach mwgjfcha wn 8977 ih V«xlowls 8F3977E3 whz ni yiff«yn 8B7
gf i` «``fo«hn «p«ls 8Bgchon«m `il 9A biolm5 nb« «``fo«hn n«gj«lwnol« wn mwgjf« yiff«yncih qwm
F59yR3nb« «``fo«hn ja qwmC5D7mo3whz nb« «``fo«hn nlR g«wmol«z L758ga6e5

hh V«xlowls 973 977E3 w `cfnlwncih mnwncih qwm m«n4oj wzdwy«hn ni nb« yigji mcncha ohcn ih yf«wh
jfwmncy mb««ncha ch ilz«l ni `cfn«l ojmnl«wg qwn«l whz «``fo«hn wn75ABgcylihm `il zcmmifp«z g«nwfm
whwfsmcm5nb« mnwncih yihmcmn«z i` w pwyoog jogj whz nqi m«wf«z3zcmjimwxf« gwfa«h«x `cfn«l
ohcnm5 Solcha mwgjfcha whz `cfnlwncih3 ih« n«ybhcycwh qwm z«mcahwn«z ni bwp« .yf«wh. bwhzm3 whz
ih« .zclns. bwhzm5 Qinb n«ybhcycwhm qil« hih4jiqz«l«z hcnlcf« afip«m5

nqi awffihm i` l«y«cpcha mnl«wg qwn«l q«l« yiff«yn«z `lig Q«wp«l Rl««e ojmnl«wg `lig nb«
nl«wng«hn jfwhn ion`wff ih V«xlowls 973 977E3 wn 87775 mwgjf«m q«l« nwe«h wn w jichn
wjjlircgwn«fs bwf`4qwsx«nq««h nb« ion`wff whz nb« jcj« lohhcha ohz«l nb« aif` yiolm« xlcza«5
Q«wp«l Rl««e `fiq wxip« nb« mni ion`wff qwm z«n«lgch«z ni x« 758D9 fWS qcnb w Wfixwf
qwn«lx zcacnwf `fiq jlix«5 nb« l«y«cpcha mnl«wg n«gj«lwnol« qwm :5FyR3 whz nb« ja qwm D5A9
moi nb« Q«wp«l Rl««e mwgjf« qwm nlwhmjiln«z ni nb« `cfnlwncih mnwncih5 S«4cihct«z qwn«l qwm
jogj«z nblioab ih« i` nb« `cfn«l ohcnm wn 87ABwhz jl«m«lp«z qcnb hcnlcy wycz wmw`cfnlwncih xfwhe
`il yijj«l5 Pn 87B73whwfckoin i` ojmnl«wg qwn«l qwm `cfn«l«z whz jl«m«lp«z qcnb hcnlcy wycz `il
zcmmifp«z g«nwfm whwfsmcm5Ph oh`cfn«l«z wfckoin i` ojmnl«wg qwn«l qwmjl«m«lp«z qcnb hcnlcy wycz
`il ninwfg«nwfm whwfsmcm5

nb« «``fo«hn mwgjf« qwm l«gip«z `lig nb« yigjimcncha ohcn wn 88BE ih V«xlowls 973 977E5 P
`cfnlwncih xfwhe qwm yiff«yn«z omcha wh«q gwfa«h«x `cfnlwncih ohcn wn 897B5 Pn 89873 whwfckoin
i` «``fo«hn qwm cgg«zcwn«fs `cfn«l«z whz jl«m«lp«z `il zcmmifp«z g«nwfm whwfsmcm5 Ph oh`cfn«l«z
wfckoin qwmjl«m«lp«z qcnb hcnlcy wycz `il ninwf g«nwfm whwfsmcm5

mwgjf«m q«l« jwye«z ih cy« `il nlwhmjiln5 nb« mwgjf«m q«l« l«y«cp«z wn nb« mb«wfs
Thpclihg«hnwf m«lpcy«m bhy53fwch ewxilwnils ih V«xlowls 983977E3 wn7F:75 nb« nlR i` nb«
«``fo«hn g«wmol«z wnmwgjf« l«y«cjn qwm 7 ga6e5 P l«y«cjn n«gj«lwnol« i` :5EyR qwm ziyog«hn«z
`il nb« n«gj«lwnol« xfwhe ch nb« mwgjf« yiif«l5 nb« «``fo«hn mwgjf« qwm wmmcah«z nb« ohcko« fin
hogx«l cQ9f7CC3 whz nb« l«y«cpcha mnl«wg qwm wmmcah«z nb« ohcko« fin hogx«l cQ9f7CE5 nb«
mwgjf«m q«l« gwchnwch«z ch wqwfe4chl«`lca«lwncih ohcn m«n x«nq««h 7 whz AyR ohncf nlwhm`«ll«z ni
nb« nircycns ewxilwnils wn 8E:: Pcljiln Qiof«pwlz5

q«wnb«l yihzcncihm `il 8Azwsm jlcil ni mwgjf« yiff«yncih q«l« ixnwch«z `lig gihcnilcha l«jilnm
jlipcz«z xs nb« gwncihwf q«wnb«l m«lpcy« `il nb« eiocmw l«acihwf Pcljiln5 nb« yigjimcnil whz
`cfnlwncih xfwhem yihnwch«z f«mm nbwh 8 "c5a6eyijj«l5 Phwfsncywf l«jilnm wl« ch Pjj«hzcr R5 Pff
inb«l mwgjfcha zwnw chyfozcha Rbwch4i`4Romnizs `ilgm3 q«wnb«l bcmnils3 whz l«y«cpcha mnl«wg
`fiq zwnwwl«jlipcz«z ch Pjj«hzcr P5



eiocmw l«acihwf mni qTl `il Rijj«l
V«xlowls 977E mojjf«g«hnwf mnozs

mb«wfsThpclihg«hnwf m«lpcy«m3 bhy5
iwa« : i` 88

l«y«cpcha mnl«wg `fiq zolcha mwgjf« yiff«yncih qwm l«jiln«z wm 758D9fWS ojmnl«wg `lig nb«
qqni ion`wff5 nb« qqni `fiq zolcha mwgjfcha qwm 75:7:CB fWS5 nb« RQhS g«wmol«z ch
nb« «``fo«hn qwm hih4z«n«yn w957 ga6e03wggihcwqwm 759Ega6e3 whz nmmqwm 87 ga6e5 Pff i`
nb«m« jwlwg«n«lm q«l« qcnbch nb« j«lgcnn«z zcmybwla« fcgcnm3 chzcywncha nbwn nb« qqni qwm
ij«lwncha hilgwffs zolcha nb« mwgjfcha «p«hn5

nb« yijj«l mioly« `il mnozs (: qwm yojlcy mof`wn« j«hnwbszlwn« /Rom7A1Ba970 ixnwch«z `lig
Vcmb«l myc«hnc`cy5 nb« Vcmb«l fin hogx«l `il nb« yijj«l om«z qwm 7C::F:3 whz nb« yihnwch«l i`
yojlcy mof`wn« z«mcahwn«z wm maTPes ( nhb48EC /«rjcl«m 7F6786977E05P jlcgwls yijj«l mniye
qwm jl«jwl«z ih V«xlowls973 977E3xs wzzcha 857777: a yojlcy mof`wn« j«hnwbszlwn« ni 8 fcn«l z«4
cihct«z qwn«l ch wpifog«nlcy `fwme5

ewxilwnils zcfoncih qwn«l om«z `il ch4biom« yofnol«m whz nhrbRbns n«mncha qwm jl«jwl«z ih
V«xlowls 8A3977E3 whz qwm z«mcahwn«z TiP4F8A5 nb« qwn«l qwm jl«jwl«z wyyilzcha ni nb«
jliy«zol« `il ixnwchcha giz«lwn«fs bwlz mshnb«ncy zcfoncih qwn«l `iohz ch m«yncih D i` Ti P E94
l47947893 ?LZOUKY MUX ?LHY[XPTN ZOL 6J[ZL DU^PJPZ_ UM 9(M=R[LTZY HTK BLJLP\PTN FHZLXY ZU
:XLYO]HZLX HTK ?HXPTL @XNHTPYSY( q«ff qwn«l qwm ixnwch«z `lig wh ih4mcn« q«ff3 whz qwm
`cfn«l«z nblioab ywnwfsncyywlxih whz wl«p«lm« imgimcm g«gxlwh« jlcil ni nb« wzzcncih i` l«wa«hn4
alwz« yb«gcywfm5 P yijs i` nb« ziyog«hnwncih `ilg `il TiP4FfA cm jlipcz«z ch Pjj«hzcr Q5
7LXPUKHVOTPH K[IPH h«ihwn«m om«z ch nb« qTl mnozs q«l« xilh chni nbcm xwnyb i` qwn«l5

P ePQq P nTl mox4mniye i` yojlcy mof`wn« qwm jl«jwl«z ih V«xlowls 983 977E3 xs zcfoncha 9 gf
i` nb« jlcgwls yijj«l mniye /m«« m«yncih 95:0 ni B77 gf qcnb TiP4FfA5 nbcm jlipcz«z w
ePQq P nTl mox4mniye qcnb whigchwf yijj«l yihy«hnlwncih i` 8 ga6e5 nb« n«mn zcfoncihm q«l«
jl«jwl«z xs yigxchcha nb« ePQ qPnTl mox4mniye qcnb oh4mjce«z TiP4F8A ni ixnwch nb«
`iffiqcha higchwf yijj«l yihy«hnlwncihmI 95B3:5F3C573F5838A3whz 98 6fa6e5 Pycz qwmb«z Rfwmm
.P. jcj«nn«m whz ysfchz«lm q«l« om«z ni jl«jwl« mox4mniyem whz zcfoncihm5

CJKTN Ti @YNXJYJ[RWV WO ymnFmCrA [NZ[ MRT\[RWVZ OWY [QN yW\RZJ ANPRWVJT BC@ FrA
Z[\M` LWVM\L[NM sNKY\JY` WTLWSSfP

nl«wng«hn gigchwf Rijj«l ePQqPnTl Scfoncih
/,ePQqPnTl Rihy«hnlwncih mox4mniye Pzz«z
mox4mniye0 /beabe0 /g"0

ewx5 Rihnlif 7 7 ni C77 gf qcnb TiP4F8A
759B 95B 85B ni C77 gf qcnb TiP4F8A
75:F :5F 95: ni C77 gf qcnb TiP4F8A
75C7 C57 :5C ni C77 gf qcnb TiP4F8A
75F8 F58 B5B ni C77 gf qcnb TiP4F8A
85A 8A E5A ni C77 gf qcnb TiP4F8A
958 98 895C ni C77 gf qcnb TiP4F8A

Pff ePQ qPnTl zcfoncihm q«l« jl«jwl«z xs 7EABih V«xlowls 983 977E5 P 977 gf wfckoin i`
«wyb zcfoncih qwm jl«m«lp«z qcnb hcnlcy wycz `il ninwf yijj«l whwfsmcm5P m«jwlwn«977 gf wfckoin
qwm `cfn«l«z wn75AB\]^ omcha wh«q gwfa«h«x whwfsncywf̀ cfn«l ohcn whz jl«m«lp«z qcnb hcnlcy wycz
`il zcmmifp«z yijj«l whwfsmcm5nb« l«gwchcha mifoncih qwmom«z `il nircycns n«mncha5



eiocmw l«acihwf mni qTl `il Rijj«l
V«xlowls 977E mojjf«g«hnwf mnozs

mb«wfsThpclihg«hnwf m«lpcy«m3 bhy5
iwa« A i` 88

mcgofwn«z mnl«wg qwn«l /mbfmnlTPf0 `il mnozs (: qwm jl«jwl«z xs yigxchcha eiocmw
l«acihwf mni `chwf «``fo«hn whz ojmnl«wg l«y«cpcha mnl«wg qwn«l wn nb« z«mcah fiq4`fiq
yihzcncihm /bhmnl«wg qwmn« Rihy«hnlwncih3 il bqR05 nb« Dkbh i` nb« l«y«cpcha mnl«wg cm 7577:
fWS /Pnnwybg«hn D`il pP77CDFBA03mi `il wjfwhn z«mcah `fiq i` 75EfWS3 nb« bqR cm FF5C,
«``fo«hn5

ni jl«jwl« nb« mbfmnlTPf3 97 gf i` l«y«cpcha mnl«wg qwn«l qwm myl««h«z wn C7dfg `il
chzca«hiom ilawhcmgm3 whz yigxch«z qcnb AFE7 gf «``fo«hn5 Pfckoinm i` ePQq P nTl3
mbfmnlTPf3 «``fo«hn3 whz l«y«cpcha mnl«wg qwn«l q«l« moxgcnn«z `il yb«gcywf ybwlwyn«lctwncih
/m«« m«yncih 95C05nb« bwlzh«mm pwfo« l«jiln«z xs nb« maTPes whwfsncywffwxilwnilsi` BD^X\B
qwm om«z ni hilgwfct« nb« mbfmnlTPf n«mn l«mofnm ni nb« j«lgcn bwlzh«mm i` :F ^X\B jlcil ni
nb« ywfyofwncihi` qTl pwfo«m5

P mbfmnlTPf mox4mniye i` yojlcy mof`wn« qwm jl«jwl«z xs zcfoncha 9 gf i` nb« jlcgwls yijj«l
mniye /m«« m«yncih 95:0 ni B77 gf qcnb mbfmnlTPf5 nbcm jlipcz«z wmox4mniye qcnb whigchwf
yijj«l yihy«hnlwncih i` 857 ^X\BJ nb« n«mn zcfoncihm q«l« jl«jwl«z xs yigxchcha nb«
mbfmnlTPf mox4mniye qcnb oh4mjce«z mbfmnlTPf ni ixnwch nb« `iffiqcha higchwf yijj«l
yihy«hnlwncihmI :93 AF3DB388C38DF39DB3whz A9: QRN)>( Pycz qwmb«z Rfwmm .P. jcj«nn«m whz
ysfchz«lm q«l« om«z ni jl«jwl« mox4mniyem whz zcfoncihm5

CJKTN Wi @YNXJYJ[RWV WO Bw=BCArm= [NZ[ MRT\[RWVZ OWY [QN yW\RZJ ANPRWVJT BC@ FrA
Z[\M` LWVM\L[NM sNKY\JY` WTLWSSfP

nl«wng«hn gigchwf Rijj«l mbfmnlTPf Scfoncih
0, mbfmnlTPf Rihy«hnlwncih mox4mniye Pzz«z
mox4mniye0 /f"afe0 /gf0

ewx3Rihnlif 7 7 TiP4F8A
l«y5 mnl«wg 7 7 l«y«cpcha mnl«wg
mbfmnlTPf 7 7 mbfmnlTPf
:59 :9 895E ni A77 gf qcnb mbfmnlTPf
A5F AF 8F5C ni A77 gf qcnb mbfmnlTPf
D5B DB :737 ni A77 gf qcnb mbfmnlTPf
885C 88C AC5A ni A77 gf qcnb mbfmnlTPf
8D5F 8DF D85C ni A77 gf qcnb mbfmnlTPf
9D3B 9DB 887 ni A77 gf qcnb mbfmnlTPf
A95: A9: 8CF ni A77 gf qcnb mbfmnlTPf

mbfmnlTPf n«mn zcfoncihm q«l« jl«jwl«z xs 87ABih V«xlowls 983 977E5 P 89B gf wfckoin i`
«wybzcfoncih qwm jl«m«lp«z qcnb hcnlcy wycz `il ninwf yijj«l whwfsmcm5 P m«jwlwn«89B gf wfckoin
qwm `cfn«l«z wn75ABdfg omcha wh«q gwfa«h«x whwfsncywf̀cfn«l ohcn whz jl«m«lp«z qcnb hcnlcy wycz
`il zcmmifp«z yijj«l whwfsmcm5nb« l«gwchcha mifoncih qwmom«z `il nircycns n«mncha5
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mb«wfsThpclihg«hnwf m«lpcy«m3 bhy5
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nwxf« :I Phwfsncywfg«wmol«g«hnm `il ePQqPnTl3 «``fo«hn3mbfmnlTPf3 whz l«y«cpcha
mnl«wg qwn«l nwe«h V«xlowls 983977E5 Voff whwfsncywfl«jilnm chyfozcha yigjf«n« g«nwf
mywhmwl«wpwcfwxf«ch Pjj«hzcr R5

CBOD
mj«yc`cy Rihzoynwhy«
nmm
Pfewfchc
TOC
DOC
Pggihcw4g
awlzh«mm
ninwf Rijj«l
Scmmifp«z Rijj«l

q« chp«mncawn«z nb« wfewfchcnspwfo« `il nb« mbfmnlTPf i` E8 ga6e5 bn mbiofz bwp«x««h wnil
x«fiq A7ga6e3 mchy« nb« «``fo«hn yigjlcm«z ip«l FF, i` nb« mbfmnlTPf5 q« bwz nb« mwgjf«
l«4whwfst«znqcy« qcnb nb« mwg«l«mofnm5 q« nb«h l«4whwfst«znb« «``fo«hn l«gwchcha ch nb«
RQhS mwgjf« yihnwch«l `il wfewfchcns5T``fo«hn wfewfchcnsqwm yih`clg«z wnA7ga6e5 Pff inb«l
mbfmnlTPf jwlwg«n«lmwl«wn«rj«yn«z f«p«fm5

n«mn mifoncihm q«l« wffiq«z ni «kocfcxlwn« wn f«wmn 9 biolm jlcil ni n«mn chcncwncih5 Twyb n«mn
nl«wng«hn yihmcmn«z i` A n«mn ybwgx«lm qcnb B R5K[IPH «wyb3whz ih« molliawn« n«mn ybwgx«l qcnb
B ilawhcmgm `il qwn«l yb«gcmnls g«wmol«g«hnm ihfs /S5h53 ja3 whz n«gj«lwnol«05 nb« n«mn
ybwgx«lm `il nb« ePQq PnTl n«mn3 nb« mbfmnlTPf n«mn3 whz wff molliawn«m q«l« `cff«z qcnb
n«mn mifoncih whz lwhzigct«z ih w mchaf« n«mn xiwlz5 nb« n«mn ilawhcmgm q«l« chnlizoy«z chni
ybwgx«lm xs liqm qcnbion z«4lwhzigctcha nb« ybwgx«lm wn 8C77 ih V«xlowls 983 977E5 n«mn
ilawhcmgm q«l« ixnwch«z `lig ch4biom« yofnol«m qcnb w nlwy«wxf«fch«wa«5nb« R5 K[IPH om«z ch
nbcm n«mn q«l« z«mcahwn«z Q:9AE3whz q«l« xilh x«nq««h 8C:7 ih V«xlowls 973977E3 whz 7E:7 ih
V«xlowls 983 977E5 n«mn ilawhcmgm q«l« `«z nqi biolm jlcil ni nb« chcncwncih i` nb« n«mn zolcha
bifzcha wn9Bz8«y3xon `iiz qwm hin chnlizoy«z chni wynowfn«mn mifoncihm5 Scmmifp«z irsa«h3 ja3
whz n«gj«lwnol« q«l« g«wmol«z `il «wybn«mn yihy«hnlwncih wnn«mn chcncwncih5 nb« n«mn xiwlz qwm
jfwy«z ch bhyoxwnil(A m«n `il wn«gj«lwnol« i` 9Bz8«y3whz w8Cbiol fcabn ? Ebiol zwle ysyf«5

Pn 9A biolm3 nb« n«mn xiwlz qwm l«gip«z `lig nb« chyoxwnil5 S5h53 ja3 whz n«gj«lwnol« q«l«
l«yilz«z ch nb« molliawn« ybwgx«lm `il «wybn«mn yihy«hnlwncih5 filnwfcns qwm l«yilz«z `il «wyb
l«jfcywn«3whz nb« n«mn xiwlz jfwy«z xwye chni nb« chyoxwnil5

nb« nircycns n«mnm q«l« n«lgchwn«z ih V«xlowls 9:3 977E3 xs 8C8B5 bgg«zcwn«fs w`n«l gilnwfcns
qwm l«yilz«z3 wjjlijlcwn« n«mn mifoncihm q«l« `cfn«l«z wn 75ABgcylihm whz jl«m«lp«z qcnb hcnlcy
wycz `il zcmmifp«z yijj«l whwfsmcm5 il«4jwyewa«z gwfa«h«x whwfsncywf̀ cfn«l ohcnm q«l« om«z ni
`cfn«l nb« mifoncihm5 nb« mifoncihm moxgcnn«z q«l« wff yihnlifm3 nb« bcab«mn ePQ qPnTl whz
mbfmnlTPf n«mn yihy«hnlwncihm wnqbcyb nb«l« qwm hi gilnwfcns3 wff n«mn yihy«hnlwncihm bwpcha
jwlncwf gilnwfcns3 whz nb« fiq«mn ePQq PnTl whz mbfmnlTPf n«mn yihy«hnlwncihm bwpcha
yigjf«n« gilnwfcns5 Scmmifp«z irsa«h3 ja3 whz n«gj«lwnol« q«l« g«wmol«z `il «wyb n«mn
yihy«hnlwncih wnn«mn n«lgchwncih5
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nircycns n«mn l«jilnm `il nb« ePQqPnTl whzxinb mbfmnlTPf n«mnm wl«wpwcfwxf«ch Pjj«hzcr
Q5 Phwfsncywfl«jilnm wl« ch Pjj«hzcr «5 Pff qwn«l yb«gcmnls jwlwg«n«lmq«l« qcnbch nb«
«rj«yn«z lwha«m5 n«gj«lwnol« l«gwch«zqcnbch 9Bz fi«3 whz S5h5 l«gwch«zq«ff wxip« nb«
l«kocl«z C57gafe /TiP E9f4l47947f905 nwxf«Ajlipcz«m wmoggwlsi` n«gj«lwnol«whzS5h5
g«wmol«g«hnmnwe«hzolcha n«mncha5 molpcpwfqwm877, ch nb« fwxilwnilszcfoncih qwn«lyihnlifm3
l«y«cpcha mnl«wgyihnlif3whzoh4mjce«zmbfmnlTPf nl«wng«hn5

CJKTN ai B\UUJY` WO [NUXNYJ[\YN JVM MRZZWT]NM W_`PNV UNJZ\YNUNV[Z [JSNV M\YRVP [QN
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lwha« n«gj«lwnol« 07d1 lwha« S5h5
/hR0 /ga6e0 /ga6e0

ePQ qPnTl 9A5749A5D 9A5A C5DB4 E5AC E59A
mbfmnlTPf 9A5749A5D 9A5: C5BC4 E5B8 E598

CJKTN ci B\UUJY` WO [W_RLR[` [NZ[ YNZ\T[Z JVM JL[\JT UN[JT UNJZ\YNUNV[Z OWY [QN yW\RZJ
ANPRWVJT BC@ ymnFmCrA [NZ[ ^R[Q oPdubia LWVM\L[NM sNKY\JY` WTLWSSfP

nl«wng«hn bhcncwfRihy«hnlwncih Rijj«l VchwfRihy«hnlwncih Rijj«l filnwfcns
/, ePQ qPnTl mox4mniye0 ninwf + Scmmifp«z Scmmifp«z wnAE aiolm
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ewx Rihnlif 5+(* < 5+(* L857 7,
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CJKTN di B\UUJY` WO [W_RLR[` [NZ[ YNZ\T[Z JVM JL[\JT UN[JT UNJZ\YNUNV[Z OWY [QN yW\RZJ
ANPRWVJT BC@ Bw=BCArm= [NZ[ ^R[Q oPdubia LWVM\L[NM sNKY\JY` WTLWSSfP

nl«wng«hn bhcncwfRihy«hnlwncih Rijj«l VchwfRihy«hnlwncih Rijj«l filnwfcns
/, mbfmnlTPf mox4mniye0 ninwf + Scmmifp«z Scmmifp«z wnAEaiolm

/oa6e0 /oa6e0

ewx Rihnlif 5+(*+5+(* L857 7,
l«y5 mnl«wg +(1 +,(. 85A 7,
mbfmnlTPf 8B6D5E E5D 7,
:59 /-).* 2 7,
A5F 01)/, 2 7,
D5B 8776DB 2 7,
885C +.*+ bfh 877 7,
8D5F ,**)+/* 8B7 87,
9D5B -+*),.* 9:7 877,
A95: .1*)-0* 2 877,
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TRB7.m q«l« z«n«lgch«z omcha g«wmol«z ninwf whz zcmmifp«z yijj«l pwfo«m `il n«mn
yihy«hnlwncihm5 nb« ilixcn f«nbiz yiofz hin x« om«z mchy« ih« i` nb« n«mnm zcz hin bwp« wn f«wmn
nqi yihy«hnlwncihm qcnb jwlncwf gilnwfcns5 bhmn«wz3 nb« nlcgg«z mj«wlgwh4dwlx«l n«mn
/nhrRPeR pB5759:0 qwm om«z ni z«n«lgch« AE4biol TRB7 pwfo«m `il nb« ePQ qPnTl whz
mbfmnlTPf n«mnm5 P mnwhzwlz bwlzh«mm i` :F ga6e qwm om«z ni hilgwfct« wffTRB7 zwnwjlcil
ni nb« ywfyofwncihi`qTl pwfo«m5 nb« hilgwfctcha «kowncih cm `lig TiP 97783 Pjj«hzcr QI

nb« TRB7 `il ninwf yijj«l ch nb« ePQq P nTl n«mn qwm E59F7cfafe5 nb« TRB7 qwm hilgwfct«z
`lig nb« l«jiln«z bwlzh«mm i` EE ga6e ni w mnwhzwlz bwlzh«mm i` :F gabe omcha nb« joxfcmb«z
mfij« `il yijj«l i` 75FA993/TiP 977905 nb« hilgwfct«z pwfo« x«ywg« :5EB8 cfafe ninwf yijj«l5
nb« TRB7 pwfo« `il zcmmifp«z yijj«l qwm E57F7cfa6e3whz qwmhilgwfct«z ni :5DBEcfafe5

nb« TRB7 `il ninwf yijj«l ch nb« mbfmnlTPf n«mn qwm 9:F5: cfa6e5 nb« TRB7 qwm hilgwfct«z
`lig nb« l«jiln«z bwlzh«mm i` BDga6e ni w mnwhzwlz bwlzh«mm i` :F gafe omcha nb« joxfcmb«z
mfij« `il yijj«l i` 75FA993/TiP 977905 nb« hilgwfct«z pwfo« x«ywg« 8CD5Acfafe ninwf yijj«l5
nb« TRB7 pwfo« `il zcmmifp«z yijj«l qwm 8E95Bcfa6e3whz qwm hilgwfct«z ni 89D5Ccfa6e5

nb« mnl«wgfch«z f«nbiz l«kocl«m nbwn nb« qTl x« ywfyofwn«z xs zcpczcha nb« mbfmnlTPf
TRB7 xs nb« al«wn«l i` «cnb«l nb« ePQq PnTl TRB7 il nb« joxfcmb«z mfP p /mj«yc«m f«wh
Pyon« pwfo«05 Vil R5K[IPH% nb« mfP p `il ninwf yijj«l wnwbwlzh«mm i` :F ga6e cm F5EEAd5fa6e3
whz nb« mfPp `il zcmmifp«z yijj«l wnwbwlzh«mm i` :F ga6e cm F587Bc5f5afe/TiP 977805 mchy«
nb« joxfcmb«z mfPp pwfo«m wl«al«wn«l nbwh nb« hilgwfct«z pwfo«m z«lcp«z `lig nbcm mnozs3 nb«s
q«l« om«z ni ywfyofwn«nb« ninwf whz zcmmifp«z qTl pwfo«m5

nb« ninwf yijj«l qTl pwfo« `il nb« mnozs yihzoyn«z V«xlowls 983 977E3qcnb R5K[IPH cm 8C5FA5
nb« zcmmifp«z yijj«l qTl `il nb« mnozs cm 8A5785

nwxf« DI moggwls i` yijj«l TRB7 pwfo«m3nb« wmmiycwn«z hilgwfct«z pwfo«m3whz nb«
ywfyofwn«zyijj«l qTl pwfo«m `il nb« eiocmw l«acihwf mni mnozs yihzoyn«z V«xlowls 983
977E3qcnb 7LXPUKHVOTPH K[IPH(

TRB7 TRB7 qTl1
/c5fa6e Rijj«l0 /c5fa6e Rijj«l0

awlzh«mm hilgwfct«z
ni :F ga"e wmRwRh^

n«mn ninwf zcmmifp«z ninwf zcmmifp«z ninwf l zcmmifp«z
ePQqPnTl E59F7 E57F7 :5EB8 :5DBE
mffmnlTPf 9:F5: 8E95B 8CD5A 89D5C 8C5FA l 8A578 ll
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nwxf« EI Rijj«l qTl pwfo«m z«lcp«z `lig nb« nbl«« mnozc«m j«l`ilg«z `il nb« eiocmw
l«acihwf mniI

mnozp Swn« ninwf Rijj«l qTl Scmmifp«z Rijj«l qTl
fws 8C3977D 8A5BC 895EA
cofs 8E3977D 9:588 8F59E
V«xlowls 983 977E 8C5FA 8A578

nb« Vchwf qTl /VqTl0 cm ywfyofwn«zwm nb« a«ig«nlcy g«wh i` wff pwfcz mwgjf« qTlm5 nb«
m«yihz mwgjf« /cofs 977D0qwm z««g«z .chpwfcz. zo« ni wh«``fo«hn nmmgoyb bcab«l nbwh j«lgcn
fcgcnm5 b` nb« fws 977D whz nb« V«xlowls 977E qTl pwfo«m wl«om«z3 nb« `chwf qTl pwfo« `il
ninwf yijj«l cm 8B5D75

nb« bwlzh«mm om«z ni z«n«lgch« yijj«l fcgcnm ch nb« p P77CDFBA eiocmw j«lgcn cm :F ga6e5
gwncihwf ylcn«lcw `il yijj«l fcmn«z ch nb« j«lgcn `il wbwlzh«mm i` :F gabe wl«A57?]X?B /yblihcy
pwfo«0whz B5B?]X]B /wyon« pwfo«05Pyyilzcha ni F pPR 9B49C73nb« ylcn«lcwgws x« gofncjfc«z xs
nb« qTl ni «mnwxfcmb whch4mnl«wgyijj«l yihy«hnlwncih nbwn cm jlin«yncp« `il z«mcahwn«z om«m5

mcn«4mj«yc`cyRblihcy Rlcn«lcih /RRR0 MA57/8B5D70MC95Ecfa6fRo
mcn«4mj«yc`cyPyon« Rlcn«lcih /RfR0 MB5B/8B5D70MEC5:Bcfa6fRo5
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CJKTN gi EJT\NZ X\KTRZQNM RV r@m WSSTOWY LWXXNY [W_RLR[` [W Ceriodaphnia dubia. CQN
]JT\NZ TRZ[NM ^NYN PNVNYJ[NM ^R[Q oP dubia lWa QW\YZ WTMLJ[ Z[J[RL LWVMR[RWVZL JVM \ZRVP
UNJZ\YNM LWXXNY ]JT\NZP

lTVTlTgRT aPlSgTmm omTS bg TRB7 TRB7 ghlfPebtTS nh
mnoSs /oW6e0 aPlSgTmm hV 9B fW6e
/fW6e0

Scgihz3 q5V5 97775 DE 8:58 A5AE
F7 E5EE 95CC
F7 875: :57E

n«nlw n«yb5 8FFE FF 8758 95DC
D7 8A5CB B5BB
DA C5D9 95A9
D9 C5BF 95A:

Scwgihz «n wf58FFDx5 E7 C5FE 95::
g«m«le«3 W58FFA5 ED5B 8859B :5AC

E75E 8:58D A5:C
E75E 9B59B E5:C
C7 8859B A5F:
:7 A5B :5DF

nb« pwfo«m fcmn«z ch Ti P 9778 q«l« chyfoz«z ch nbcm moggwls nwxf« ihfs c` nb«s q«l« a«h«lwn«z
omcha nbl«« ylcn«lcwI 80 nb« R5K[IPH n«mn«z q«l« f«mm nbwh 9A biolm ifz3 90 nb« n«mn qwm yihzoyn«z
ohz«l mnwncyyihzcncihm3 whz :0 g«wmol«z yijj«l pwfo«m q«l« om«z ni z«n«lgch« TRB7m5 omcha nb«
TRB7 pwfo«m hilgwfct«z ni wbwlzh«mm i` 9B gafe3 nb« wp«lwa«ninwf yijj«l TRB7 `il nb« Ti P
pwfo«m cm :5EF c55fa6e5nb« ojj«l fcgcn omcha 9 mnwhzwlz z«pcwncihm cm D59Fbfa6e3whz nb« fiq«l fcgcn
cm 75AFbfa6e5

P yijs i` nb« l«y«hn mb«wfsThpclihg«hnwf m«lpcy«m l«`«l«hy« yihnlif ybwln `il yijj«l cm chyfoz«z
wm Pjj«hzcr S5 nb« yihnlif ybwln chyfoz«m wff yijj«l mnozc«m ch ePQ qPnTl `lig fws 873
977C3 nblioab cwhowls993 977E5 Pff pwfo«m q«l« hilgwfct«z ni wbwlzh«mm i` 9B gafe jlcil ni
chyfomcih ch nb« ybwln5 nb« yihnlif ybwln g«wh cm 95BCc55fafeyijj«l3 qcnb whojj«l fcgcn i` :5BF
c55fa6ewhz wfiq«l fcgcn i` 85B: bfa6e5

nwxf« 87 jlipcz«m nb« 7(K[IPH TRB7 zwnw`lig wff nbl«« eiocmw l«acihwf mni qTl mnozc«m ch
yigjwlcmih ni nb« Ti P joxfcmb«z yijj«l TRB7 pwfo«m whz mb«wfsThpclihg«hnwf m«lpcy«m3bhy5
yijj«l TRB7 zwnw5

CJKTN TSi oWUXJYRZWV WO rocS ]JT\NZ PNVNYJ[NM OWY oP dubia lWa QW\YZ WTMP mTT Z[\MRNZ
YNONYNVLNM ^NYN PNVNYJ[NM \VMNY Z[J[RL LWVMR[RWVZ ^R[Q rocS ]JT\NZ LJTL\TJ[NM \ZRVP
UNJZ\YNM [W[JT LWXXNYP mTT rocS ]JT\NZ JYN VWYUJTRaNM [W J QJYMVNZZ WO Wcga6e5

f«wh TRB7 pwfo«
6e

95BC
:5EF:
958DE
85EFB
95B:9

mb«wf Thpclihg«hnwf m«lpcy«m3bhy5
pwfo«m ioxfcmb«z ch TiP 9778
eiocmw mni mnoz (8
eiocmw mni mnoz (9
eiocmw mni mnoz (:
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Qfwhem q«l« yiff«yn«z `il yijj«l whwfsmcmwnpwlciom jichnm zolcha nb« qTl mnozc«m5 Pff
whwfsncywfl«jilnm `il nb« xfwhem wl«jlipcz«z ch Pjj«hzcr R5

Vil mnozs(:3 nb« «kocjg«hn xfwhe3`cfnlwncih xfwhem3l«mofn«z ch hih4z«n«yn yijj«l pwfo«m w857
055fa6e05Pff afwmmqwl«xfwhem l«mofn«z ch pwfo«m f«mm nbwh B055fa6e5
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EC 9T\PXUTSLTZHR AXUZLJZPUT 6NLTJ_ /8FFA05bhn«lcg Woczwhy«ih S«n«lgchwncih whz
om« i` qwn«l4T``«yn lwncim `il f«nwfm5 TiP E9:4Q4FA47785h``cy« i` qwn«l3
qwmbchanih3 S5R5

EC 9T\PXUTSLTZHR AXUZLJZPUT 6NLTJ_ /8FFB05 8FFBojzwn«mI qwn«l kowfcns Rlcn«lcw
Siyog«hnm `il nb« ilin«yncih i` Pkowncy ec`« ch Pgxc«hn qwn«l5
TiP E974Q4FC47785h``cy« i` qwn«l3 qwmbchanih3 S5R5

EC 9T\PXUTSLTZHR AXUZLJZPUT 6NLTJ_ /977805 mnl«wgfch«zqwn«l4T``«yn lwnci iliy«zol«
`il Scmybwla«m i` Rijj«l5 TiP4E994l4hb477B5 h``cy« i` qwn«l3 qwmbchanih3 S5R5

EC 9T\PXUTSLTZHR AXUZLJZPUT 6NLTJ_ /977905 f«nbizm `il f«wmolcha nb« Pyon« nircycns
i` T``fo«hnm whz l«y«cpcha qwn«lm ni Vl«mbqwn«lwhz fwlch« hlawhcmgm5 Vc`nb Tzcncih
TiP E984l47947895 Thpclihg«hnwf l«m«wlyb ewxilwnils3
Sofonb3 fg5

EC 9T\PXUTSLTZHR AXUZLJZPUT 6NLTJ_ /977905 gwncihwf l«yigg«hz«z qwn«l kowfcns
Rlcn«lcwI 97795 TiP4E994l47947AD gip«gx«l 97795 h``cy« i` qwn«l3
qwmbchanih3 S5R5
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y?DwBm o?D>CH FmCrA mDCu?AwCHi
y?DwBm Artw?>my BC@

nbcm `chwf l«jiln chyfoz«m w`off n«rn l«jiln whz wfflwqzwnwchyfozcha nircycns n«mn l«jilnm
whz whwfsncywfl«jilnm `il nb« V«xlowls973977E3 mwgjfcha «p«hn5
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mb«wfsThpclihg«hnwf m«lpcy«m3 bhy5
Siyog«hn gogx«lI V4PS4h 8C
l«pcmcih gogx«lI C

iwa« b i` 8
l«jfwy«m Swn«I i2\nn\i0
T``«yncp« Swn«I i/\n2li1

mwgjf«l«y«cjn Rb«yefcmn /mlR0
Riif«l bhmj«yn«z xs6zwn«I fm 6h''.u.n54in (I u

f«whm i` l«y«cjnI u9/mTmb a Rfc«hn S oim a V«zTr S Pclxilh« Trj S hnb«l

s«m 7 giS gPu 85 q«l« yomnizs m«wfmjl«m«hn ih nb« yiif«lO
s«m 7 giS gPu 95 b` yomnizs m«wfmq«l« jl«m«hn3 q«l« nb«s chnwynwhz ohxlie«hO

Riif«l bS6n«gj«lwnol« ojih l«y«cjn In56O yR 6 yR 6 yR 6 yR
6 yR 6 yR 6 yR 6 yR

f«nbizI S n«gj«lwnol« Qfwhe c." Pawchmn Qinnf«m
f«nbiz i` yiifwhnI u q«n by« Qfo« by« 7 Sls by« S gih«
b` l«mjihm« cm gi /il s«m `il 8A38B38C03wh«rjfwhwncih6l«mifoncih gomn x« jlipcz«z5

l

:5 b` n«gj«lwnol« i` whsyiif«l «ry««z«z C57yR3qwm ilid«yn fwhwa«l hinc`c«zO
s«m 7 giS gPt if hinc`c«z xs mlR3 jbih«3 hin« /yclyf« ih«03inb«lI 5 /Vil

yiif«lm l«y«cp«z pcw yigg«lycwf yiolc«l3 ifm wl«ni x« hinc`c«z cgg«zcwn«fp5
s«m S giS gPS A5 bm nb« yigg«lycwf yiolc«l.m jwyecha mfcj wnnwyb«zni nbcm `ilgO
s«m u giS gPS B5 q«l« jlij«l yomnizs jliy«zol«m /l«fchkocmb«z6l«y«cp«z0 `iffiq«zO
s«mu giS gPS C5 q«l« mwgjf« bSm fcmn«zO
s«m u giS gPS D5qwm yiff«yncih zwn« - ncg« fcmn«zO
s«m u giS gPS E5 q«l« n«mnm ni x« j«l`ilg«z fcmn«z ih nb« RhR il qwm koin« ( jlipcz«zO
s«m u giS gPS F5 Scz wff mwgjf«m wllcp« ch nb« jlij«l yihnwch«lm `il «wybn«mnO
s«m u giS gPS 875 Scz wffyihnwch«l fwx«f ch`ilgwncih /bS3 zwn«3ncg«0 wal««qcnb RhRO
s«m u giS gPS 885 Scz wffyihnwch«lm wllcp« ch aiiz yihzcncih /ohxlie«h3 fczm ih3«ny50O
s«m u giS gPS 895 qwm wz«kown«mwgjf« pifog« wpwcfwxf«O

s«m .9`. giS gPS
8:5 q«l« wffmwgjf«m l«y«cp«z qcnbch s9 nb« bifzcha ncg« il AEbiolm3 qbcyb«p«l

yig«m `clmnO
l s«m 7 giu gPS 8A5q«l« whsmwgjf«m yihnwch«lm gcmmchaO
s«m 7 giu gPS 8B5 q«l« nb«l« whs«ry«mm mwgjf«m hin fcmn«z ih RhRO

s«m S giS gPu
8C5 q«l« xoxxf«m jl«m«hn N'j«w4mct«' 7i.lUX Cgg ch zcwg«n«l0 ch whsphP

56 pcwfmO
s«m u giS gPS 8D5q«l« wffg«nwfm6h-W6aTf6honlc«hn mwgjf«m l«y«cp«z wnwja i` L9O
s«m S giS gPu 8E5 q«l« wffyswhcz« whz6il mof`cz« mwgjf«m l«y«cp«z wnwja N89O

s«m ^P" giS gPS 8F5q«l« wffwjjfcywxf«ga:6ndg6yswhcz«6jb«hif6QgP6j«mn6iRQfb«lx
wh59ga6e0 whz nircycns wh5fga6e0 mwgjf«m `l«« i` l«mczowf ybfilch«O

s«m S giS gPu 975 q«l« yiff«yncih n«gj«lwnol«m ziyog«hn«z ih nb« RhR `il gR mwgjf«mO
mwgjf«il«m«lpwncih /fomn x« yigjf«n«z `il whs mwgjf«/m0 chyill«ynfs jl«m«lp«z il qcnb b«wzmjwy«50
mwgjf«/m0 q«l« l«y«cp«z chyill«ynfs jl«m«lp«z whzq«l« wzdomn«z
wyyilzchafs ch mwgjf« l«y«cpcha qcnb /a9v7A3kp7:3aRf3gwha0 qcnb nb« ml ( /hogx«l0

mwgjf«/m0 q«l« l«y«cp«z qcnb xoxxf«m NCgg ch zcwg«n«l5
mwgjf«/m0 q«l« l«y«cp«z qcnb nlR N759ga6e `il ga:6
ndg6 yswhcz«6QgP6j«mn6iRQ6b«lx5
nircycns mwgjf«/m0 q«l« l«y«cp«z qcnb nlR N758gace whzq«l«
whwfst«zxs g«nbiz ::75B5

Rill«yncp« Pyncih nwe«h3c` h«y«mmwh.I
qwm yfc«hn hinc`c«zI s«m S gi e
mTmb«gjfis««I v
Rigg«hnmI

Scz yfc«hn l«mjihzI
Swn« i` l«mjihm«I



einI cQ987Cm8

tgafWV 887GG

d^[W`fV 088GD1vZWS^k f`h[da`_W`fS^ vWdh[UWe3 l`U5 6 cWfZ wZa_bea`

da__W`feV

sda\WUf pS_WV

sda\WUf pg_TWdV

b`S^ke[e egWV 7A67D6977N

uWbadf egWV 7A67I6977N

sda\WUf oS`SYWdV iuy

sdaYdS_ bdWSV vd 4 psefv

sr pg_TWdV

Ed
nWhW^ 8 uWh[WiV

nWhW^ 9 uWh[WiV R

wW_b 07d1

:5E

vZWS^k leV mc98 7GN4778 d^[W`f 87I uWUW[h[`Y vfdWS_

vS_b^W uWUW[h[`Y oSfd[jV bcgWage

f`fWdWVV 96986977N Tk dc

da^^WUfWVV 796976977N Sf 8777 Tk fyw

uWUW[hWVV 796986977N7QA7 Tk fdd

uWUW[bf oWfZaVV g[W^V vWdh[UWe

oWfZaV

9775I

vS_b^W da`fS[`Wde

07AA1pa vS_b^W da`fS[`Wd

wWef

lds oWfS^e

sdWb oWfZaV

9775I sufs

sdafaUa^

sdafaUa^ 8

vZWS^k 87Vmc98 7GN4779 d^[W`f 87Vg[^fdSf[a` c^S`]

vS_b^W uWUW[h[`Y oSfd[jV bcgWage

f`fWdWVV 96986977N Tk dc

da^^WUfWVV 796976977N Sf 87DE Tk fyw

uWUW[hWVV 796986977N7QA7 Tk fdd

uWUW[bf oWfZaVV g[W^V vWdh[UWe

oWfZaV

9775I

vS_b^W da`fS[`Wde

07DD19E7 _n s kp7A 0V[eea^hWV1

wWef

e[eea^hWV lds oWfS^e

sdWb oWfZaV

9775I sufs

sdafaUa^

sdafaUa^ 8

vZWS^k 87Vmc987GN477A d^[W`f 87VuWU5 vfdWS_4 g[^fWdWV

vS_b^W uWUW[h[`Y oSfd[jV bcgWage

f`fWdWVV 96986977N Tk dc

da^^WUfWVV 796976977N Sf 87E7 Tk fyw

uWUW[hWVV 796986977N7QA7 Tk fdd

uWUW[bf oWfZaVV g[W^V vWdh[UWe

oWfZaV

9775I

vS_b^W da`fS[`Wde

07DD19E7 _n s kp7A 0V[eea^hWV1

wWef

e[eea^hWV lds oWfS^e

sdWb oWfZaV

9775I sufs

sdafaUa^

sdafaUa^ 8

vS_b^We
:

wWefe6lfW_e
:

vS_b^W da`fS[`Wde
:

vZWS^k f`h[da`_W`fS^ vWdh[UWe3 l`U5
87G xS`fSYW sa[`f ed[hW yWef da^g_T[S3 vd 9Q8I9 0N7A1IQ84QI77 gSj 0N7A1IQ84Q888 iii5eZWS^k^ST5Ua_

sSYWV 8 aX 8
naf mc98 7GN vS_b^W uWUW[x[`Y vg__Sdk h959

http://www.shealylab.com


u 88

mus Chain of Custody Record
e204 fpQ.m4.po4. .5-yeyyB?<Ayy6<&

87G xS`fSYW sa[`f ed[hW
yWef da^g_T[S3 vagfZ dSda^[`S 9Q8I9

wW^WbZa`W pa5 0N7A1IQ84QI77 gSj pa5 0N7A1*+)y+)))
eSeSc

9]ZV_e Br:BT HVa`]li mmW?mTe 7>w CC JV]VaY`_V D`J \ <Ri D`J \ ;;^RZ] Ef`eV D`J

bu49 &&Dy w&c/ s d aou i4/c
7UUcVdd IR^a]Vc'd IZX_RefcV l MRjSZ]] D`J

jwa«vlu EW;~;

r .We qbIJ0 :J@@:Ece6a'; "1

9Zej l IeReV l PZa 9`UV 7_R]jdZd ,7eeRTY ]Zde c` ^`cV daRTV cm _VVUVUJ.

FcZ_eVU w «

Fc`[VTe DR^V CpN^KNYY` Ry?\x mS55555

.m
Fc`[VTe D`J

m
FEJ D`J D`J `W 9`_eRZ_Vcd B`e D`J

Iu
47.' CRecZi

Sj FcVdVcgReZgV JjaV <=bb 4D/e4y:<b=0~ ." ." mIR^a]V li\ :VdTcZaeZ`_ :ReV JZ^V ' 7 " Lc
3J 55 ." m 535/.7 35X03\u/c 7 m [~~ 7 7 i/f ad ycf 7' v 0m1 m Ini m E,9`_eRZ_Vcd W`c VRTY dR^a]V ^Rj SV T`^SZ_VU `_ `_V ]Z_VJ. 74 <~ mc" HV^Rc\d \ 9``]Vc lJiJn ."

'f 1?eceiy/nq S1ren'-1'YI D/ac{os )((( 93
m

m5 I l m =bF TEI 73555
.44.

I6/llnU. 0:4 @ l .44u RJ\m`?i'WJ: PSad l c4 1- I·k.r M4 73mEg
3 5

1I<"r rD33 y1-J·kd m ?Jn@:@::m '050 l r4
l 4 [CTTPV 5

F`ddZS]V >RkRcU ?UV_eZWZTReZ`_ IR^a]V :Zda`dR] D`eV3 7]] dR^a]Vd RcV cVeRZ_VU W`c dZi hVV\d Wc`^ cVTVZae

i D`_;>RkRcU i <]R^^RS]V i I\Z_ ?ccZeR_e i F`Zd`_ i K_\_`h_ i HVef^ e` 9]ZV_e i :Zda`dR] Sj BRS f_]Vdd `eYVc RccR_XV^V_ed RcV ^RUVJ

Jf^ 7c`f_U JZ^V HVbfZcVU ,FcZ`c ]RS Raac`gR] cVbfZcVU W`c ViaVUZeVU J7J. rd HVbfZcV^V_ed ,IaVTZWj.

i IeR_URcU i H@J~JdY,IaVTZWj.

lJ HV]Z_bKZIYVU~ o ?BB 4 'DewA,4 b(QOV A8).&&y' `Re o<5
JZ^V lJ HVTVZgVU Sj :ReV JZ^V

" 58.Q T JD TCCCy 3~mJi Ot o9..w
nJ HV]Z_bfZdYVU Sj o 3 :R]V ? JZ^V nJ HVTVZgVU Sj :ReV JZ^V

/~

·J HV]Z_bfZdYVU Sj :ReV JZ^V ·J BRS`cRe`cj cVmJFe~ m[4]\g@' JZ^V ,. n0u
e\m

9`^^V_ed B78 KI; EDBO b 3.'5HVTVZgVU `_ ZTV ,9ZcT]V. « D` ?TV FRT\ HVTVZae JV^aJ od

DISTRIBUTION: M>?J; - O;BBEM;HVef^ e` ]RS`cRe`cj hZeY IR^a]V,d.4 F?DA;<ZV]U\9]ZV_e 9`aj m



mdayhu Tjrenkjiajpyh manre«ao2bj«4
Sk«qiajp gqizanF V3PS3h 7B
lareoekj gqizanF B

iyca b kb b
lalhy«ao SypaF \2JllJ\/
Tbba«peraSypaF \.Jl2i\0

mgmn myilha la«aelp Rda«gheop/mlR0
Rkkhan bjola«pa` zu5`ypaF l~~d5k''.yykp (F y

fayjo kb na«aelpF y mTmb S Rheajp S oim S Va`Tt S Penzknja Ttl S hpdan

sao S gkS gPy 74 qana «qopk`u oayholnaoajp kj pda «kkhanN
sao S gkS gPy 84 bb«qopk`u oayhosana lnaoajp2sana pdau ejpy«pyj` qjznkgajN

Rkkhan ehh5pailanypqnaqlkj na«aelpy ~R 7 ~R 7 ~R 7 ~R
7 ~R 5 ~R 7 ~R 7 ~R

fapdk`F uc/nailayna Qhyjg S Pcyejop Qkpphao
fapdk` kb «kkhyjpF qap b«a S Qhqab«a S Snu b«a S gkja
bbnaolkjoa eogk /kn sao bkn 7:2 7A27B02yj atlhyjypekj5naokhqpekjiqopza lnkre`a`4

r

94 bbpailanypqna kb yju «kkhan at«aa`a` B46~R2syo inkfa«p fyjycan jkpebea`N
sao S gkS gPB if jkpebea z̀u mlR2 ldkja2 jkpa /«en«hakja02kpdanF 4 /Vkn

«kkhano na«aera` rey «kiian«eyh «kqnean2ifo yna pk za jkpebea èiia`eypahr4
sao S 44€gkS gPS :4 bopda «kiian«eyh «kqnean.o ly«gejc ohelyppy«da` pkpdeobkniN
sao y gkS gPS A4qana lnklan «qopk`ulnk«a`qnao /nahejmqeoda`5na«aera`0bkhhksa`N
saoy gkS gPS B4 qana oyilha bSo heopa`N

r sao y gkS gPS C4 qyo «khha«pekj̀ypa . peia heopa`N
sao y gkS gPS D4qana paopopk za lanbknia` heopa k̀j pda RhR kn syo mqkpa( lnkre`a`N
sao y gkS gPS E4 Se` yhhoyilhao ynnera ejpda lnklan «kjpyejanobkn ay«d paopN
sao y gkS gPS wh4 Se` yhh«kjpyejanhyzahejbkniypekj /ehh2̀ypa2peia0ycnaa sepd RhRN
sao y gkS gPS 774 Se` yhh«kjpyejanoynnera ej ckk` «kj`epekj/qjznkgaj2he`okj2 ap«40N
sao y gkS gPS 784 qyo y`amqypa oyilha rkhqia yryehyzhaN

sao S gky gPS
794 qana yhhoyilhao na«aera` sepdej s8 pda dkh`ejc peia kn :D dkqno2 sde«daran

«kiao benopN
sao l gky gPS 7:4 qana yju oyilhao «kjpyejanoieooejcN
sao S gky gPS 7A4qana pdana yju at«aoo oyilhao jkp heopa k̀j RhRN

sao S gkS gPy
7B4 qana zqzzhao lnaoajp M'lay3oeva' /b":'kn Bii ej `eyiapan0 ejyju phP

reyhoN
sao u gkS gPS 7C4qana yhhiapyho5h-W5aTf5jqpneajp oyilhao na«aera` ypy la kb J8N
sao S gkS gPy 7D4qana yhh«uyje`a yj`5kn oqhbe`aoyilhao na«aera` ypy la M78N

sao S gkS gP res 7E4qana yhhyllhe«yzhaga95ndg5«uyje`a5ldajkh5QgP5laopbiRQhdanz
}648ic5e0 yj` pkte«epu}h4hic5e0 oyilhao bnaa kb naoe`qyh«dhknejaN

sao S gkS gPy 864 qana «khha«pekjpailanypqnao `k«qiajpa` kj pda RhR bkn gR oyilhaoN
myilha inaoanrypekj /fqop za «kilhapa` bkn yju oyilha/o0 ej«knna«phulnaoanra` kn sepd day`oly«a40
myilha/o0 sana na«aera` ej«knna«phulnaoanra` yj` sana y`fqopa`
y««kn`ejchu ej oyilha na«aerejc sepd /a8m6:2aFg'692aRh2gyha0 sepd pda ml ( /jqizan0

myilha/o0 sana na«aera` sepd zqzzhaoMBii ej`eyiapan4
myilha/o0 sana na«aera` sepd nlR M648ic5e bkn ga95
ndg5 «uyje`a5QgP5laop5iRQ5danz4
nkte«epuoyilha/o0 sana na«aera` sepd nlR M647iche yj` sana
yjyhuva` zu iapdk` 9964A4

Rknna«pera P«pekj pygaj2ebja«aooyk.F
qyo «heajpjkpebea`F sao S gk S
mTmbailhkuaaF x
RkiiajpoF

Se` «heajpnaolkj`F
Sypa kb naolkjoaF
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kda]fl\ 199IE2 P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6 i i]l` Q`gehkgf

kgee]flk\

yjgb][l vYfY_]j\ oOT

yjg_jYe gj]Y\ Pk 5 wylmP

yx wmeZ]j\yjgb][l wYe]\

yjgb][l wmeZ]j\

gfYdqkak lm]\ \nJ\·Jl\\1

O]hgjl lm]\ \nJ\0Jl\\1

u]n]d 9 O]na]o\ u

u]n]d A O]na]o\ X

Q]eh 1lk2

94D

P`]Ydq 98\ siA98II5889 kda]fl 98\ kgehgkalgj idYfc
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968888
968888
868888
868888

:
968888
968888
968888
968888
968888
86Q888
868888
868888

kgf[5m_du v]Yf
l5kgfljgd 968888

E867 968888
GAxu 968888
NG4 968888
9988" 968888
9G80" 86V888
+-)L )'))))
DI80" 868888

w5v]Yf
968888
968888
968888
968888
968888
86V888
868888
868888

QjYfk^gje\ gj[kaf PimYj] Oggl
v]Yf vaf vYp kS-
96DEGD 96DEGD 96DEGD 86888
96DEGD 96DEGD 96DEGD 86888
96DEGD 96DEGD 96DEGD 86888
96DEGD 96DEGD 96DEGD 86888
96DEGD 96DEGD 96DEGD 86888
96AAIA9698N996DEGD996A9A
86AAGG 86AAGG 86AAGG 86888
86AAGG 86AAGG 86AAGG 86888

kjala[Yd
86QQE

wmeZ]j QglYd
O]kh wmeZ]j

8 A8
8 A8
8 A8
8 A8
8 A8
A A8

A8 A8
A8 A8

Pc]o tmjl
I6Im59G E68DAEN

gmpadaYjq Q]klk
P`Yhajg5Tadc0kQ]kl af\a[Yl]k fgf5fgjeYd \akljaZmlagf1h bc 86892
mimYdalqg^ nYjaYf[] [Yffgl Z] [gf^aje]\

Qjae u]n]d
868-
G68-
9868-
A868-

gmlg5x6x-

mkG8
9QA6EQ
9QE69V
9QE6QG
9QE6QG
9QA6EQ

VG-ku
9ND69N 9VA6AQ
9NA6Q8 9VI6DA
9NN6NV 9VA69Q
9NN6NV 9VA69Q
9ND69N 9VA6AQ

PlYlakla[
86GNIAD

746Q"""555555556666z6z6564
64E

64D

64C

9h 64B
«.6 64A
rrrv 64:

649

648

647

646
7 76 766

lgk] m_du

O]na]o]\ Zq\?7;
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F;84?L 8AI<EBA@8AG4? F8EI<68Fr<A6y

FTQMWd 8YaU]ZYXQY_MW FQ]aUOQ^r <YOy
98I SYflY_] ygafl ljan]

T]kl kgdmeZaY4 Pk AV9NA
gll]flagf\ i]l` Q`gehkgf

yjgb][l wYe]\ 7QbNQ]]d&?Z`U^M

CHLVi:~;E> I:O4IIFCL?>HE?$;7 BIHSW J<\ ?HHCK?HJ&&i''
6FH90GF.7JFH6CE>KAIIFCL?>D?C> Mw;Q:VL=5N'T0i O<QTSXW

uglwmeZ]j\siA98II

lYl] kgehd]l]\\8A7AQ7A88Q

:]MY_ JUW_ZY
yjgb][l vYfY_]j

&((((((((((((((((((((((((((((((((((((((((((((

P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6
i\/ DHSXHMKygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

yY_]\ 9 g^ Q
u]n]d 9 O]hgjl nA69

http://www.shealylab.com


F;84?L 8AI<EBA@8AG4? F8EI<68Fr<A6y

6M^Q AM]]M_UaQ
FTQMWd 8YaU]ZYXQY_MW FQ]aUOQ^r <YOy

?Z_ A`XNQ]1 =5)('--

Q`ak O]hgjl g^ gfYdqkak [gflYafk l`] YfYdqla[Yd j]kmdl1k2̂gj l`] kYehd]1k2 dakl]\ gf l`] PYehd] PmeeYjq ^gddgoaf_ l`akkYk] wYjjYlan]6Q`] kYehd]
j][]anaf_ \Yl] ak\g[me]fl]\ af l`] `]Y\]j af^gjeYlagf Ykkg[aYl]\ oal` ]Y[` kYehd]6

PYehd] j][]ahl4kYehd] YfYdqkak4 Yf\ \YlY j]na]o `Yn] Z]]f h]j^gje]\ af Y[[gj\Yf[] oal` l`] egkl [mjj]fl Yhhjgn]\ wmugk klYf\Yj\k4 l`]
P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6 1"P`]Ydq"2 •mYdalq gkkmjYf[] vYfY_]e]fl ydYf 1•gvy24 klYf\Yj\ gh]jYlaf_hjg[]\mj]k 1Pxyk24 Yf\ P`]Ydq
hgda[a]k6gfq ]p[]hlagfk lg l`] wmugk klYf\Yj\k4 l`] •gvy4 Pxyk gj hgda[a]k Yj] imYda^a]\ gf l`] j]kmdlk hY_] gj \ak[mkk]\ Z]dgo6

P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6
98I SYflY_] ygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

CMSQ1 ) ZR D
u]n]d 9 O]hgjl Zl;i

http://www.shealylab.com


F;84?L 8AI<EBA@8AG4? F8EI<68Fr<A6y
FMX[WQ F`XXM]d

FTQMWd 8YaU]ZYXQY_MW FQ]aUOQ^r <YOy
?Z_ A`XNQ]1 =5)('--

FMX[WQ A`XNQ]

667

668

003
007

1EkYehd]k2

FMX[WQ <7

kgehgkalgj idYfc

m^^dm]fl

nadljYlagfidYfc

nadl]j]\ m^^dm]fl

@M_]Uc

gim]gmk

gim]gmk

gim]gmk

gim]gmk

7M_Q FMX[WQP

\lJi2Jl\\1 ii.\

\lJl\Jl\\1 ii.1

\lJl\Jl\\1 il\.

\lJl\Jl\\1 787 6

7M_Q EQOQUaQP

\lJliJl\\1

\lJliJl\\1

\lJliJl\\1

\lJliJl\\1

P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6
98I SYflY_] ygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

CMSQ1 * ZR /
u]n]d 9 O]hgjl Zl;i

http://www.shealylab.com


F;84?L 8AI<EBA@8AG4? F8EI<68Fr<A6y
8cQO`_UaQ F`XXM]d

FTQMWd 8YaU]ZYXQY_MW FQ]aUOQ^r <YOy
?Z_ A`XNQ]1 =5)('--

FMX[WQ FMX[WQ (' @M_]Uc CM]MXQ_Q] @Q_TZP EQ^`W_ • HYU_^ CMSQ

889 kgehgkalgj idYfc gim]gmk vYf_Yf]k] A886Q 9D m_7u G

88A m^^dm]fl gim]gmk gdmeafme A886Q 9G8 m_7u I

88A m^^dm]fl gim]gmk kY\eame A886Q 86AI m_7u I

88A m^^dm]fl gim]gmk kYd[ame A886Q 9N888 m_7u I

88A m^^dm]fl gim]gmk kghh]j A886Q 9N m_7u I

88A m^^dm]fl gim]gmk rjgf A886Q 9I8 m_7u I

88A m^^dm]fl gim]gmk vY_f]kame A886Q D988 m_7u I

88A m^^dm]fl gim]gmk vYf_Yf]k] A886Q 9E m_7u I

88A m^^dm]fl gim]gmk yglYkkame A886Q A8888 m_7u I

88A m^^dm]fl gim]gmk Pg\ame A886Q DA888 m_7u I

88A m^^dm]fl gim]gmk Vaf[ A886Q 988 m_7u I

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ kY\eame A886Q 86A9 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ kYd[ame A886Q 9N888 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ kghh]j A886Q N68 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ rjgf A886Q GI m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ vY_f]kame A886Q DA88 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ yglYkkame A886Q A8888 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ Pg\ame A886Q D9888 m_7u Q

88E nadl]j]\ m^^dm]fl gim]gmk lakkgdn]\ Vaf[ A886Q QI m_7u Q

19V\]l][lagfk2

P`]Ydq mfnajgfe]flYd P]jna[]k6 rf[6
98I SYflY_] ygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

CMSQ1 + ZR /
u]n]d 9 O]hgjl nA69

http://www.shealylab.com


<6Cw@F
kda]fl\ FTQMWd 8YaU]ZYXQY_MW FQ]aUOQ^r <YOy uYZgjYlgjq rl\ =5)('--w''(

l]k[jahlagf\ 6ZX[Z^U_Z] 5WMYV vYljap\ 4\`QZ`^
lYl] PYehd]\ B'/".<"/'': ..9'

lYl] O][]an]\\ '/./."/'':

E`Y C]Q[ @Q_TZP 4YMWd_UOMW @Q_TZP 7UW`_UZY 4YMWd^U^ 7M_Q 4YMWd^_ C]Q[ 7M_Q 5M_OT
7 86648 8664D 7 )+(+/(+))1 ),*2 nQP )+(++(+))1 */,) C9D67
8 86648 8664D 7 )+(+/(+))1+*-2 nQP )+(++(+))1 */,) C9D67
9 86648 8664D 7 )+(+0(+))1+)+* nQP )+(++(+))1 */,) C9D67

64F 4YMWd_UOMW
CM]MXQ_Q] A`XNQ] @Q_TZP EQ^`W_ • CD? HYU_^ E`Y

gdmeafme C:8E3E63A 8664D wl A6 m_7u 9
gflaegfq C::639B36 8664D wl A46 YMJ= 7
gjk]fa[ C::639D38 8664D wl A46 YMJ= 7
iYjame C::639E39 8664D wl 8A YMJ= 7
i]jqddame C::63:73C 8664D wl 746 m_7u 9
kY\eame C::63:93E 8664D wl 6476 m_7u 7
kYd[ame C::63C638 8664D wl A666 m_7u 7
k`jgeame C::63:C39 8664D wl A46 m_7u 7
kgZYdl C::63:D3: 8664D wl A46 m_7u 8
kghh]j C::63A63D 8664D wl A46 m_7u 7
rjgf C:9E3DE3B 8664D wl 86 m_7u 9
u]Y\ C:9E3E837 8664D wl 846 m_7u 7
vY_f]kame C:9E3EA3: 8664D wl A6 m_7u 7
@MYSMYQ^Q .+*0w0-w, )''y/ (* (' m_7u 8
wa[c]d C::636836 8664D wl 76 m_7u 8
yglYkkame C::636E3C 8664D wl A666 m_7u 7
P]d]fame CCD83:E38 8664D wl A46 YMJ= 7
Padn]j C::63883: 8664D wl A46 m_7u 7
Pg\ame C::63893A 8664D wl A666 m_7u 7
Q`Yddame C::638D36 8664D wl 64A6 m_7u 7
SYfY\ame C::63B838 8664D wl A6 m_7u 8
Vaf[ C::63BB3B 8664D wl 76 YMJ= 7

yxu L yjY[la[Yd imYflalYlagf rae^l i L l]l][l]\ af l`] e]l`g\ ZdYfc

wx L wgl \]l][l]\ Yl gj YZgn] l`] yxu c L mklaeYl]\ j]kmdl b yxu Yf\ u vxu

T`]j] Yhhda[YZd]4 Ydd kgad kYehd] YfYdqkak Yj] j]hgjl]\ gf Y \jq o]a_`l ZYkak mfd]kk ^dY__]\ oal` Y xTx

m c xmYflalYlagf g^ [gehgmf\ ]p[]]\]\ l`] [YdaZjYlagf jYf_]

y c Q`] Oyl Z]lo]]f log ok [gdmefk ]p[]]\k E8-

w 3 EQOZaQ]d U^ Z`_ ZR O]U_Q]UM

P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6
98I SYflY_] ygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

CMSQ1 , ZR /
u]n]d 9 O]hgjl nA69
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<6Cw@F
kda]fd\P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6 uYZgjYlgjq ul\ siA9 8II588A

l]k[jahlagf\ m^^dm]fl vYljap\ gim]gmk

lYl] PYehd]\\8A7A87A88Q 99GQ

lYl] O][]an]\\ )+(+*(+))1

Omf yj]h v]l`g\ gfYdqla[Yd v]l`g\ ladmlagf gfYdqkak lYl] gfYdqkl yj]h lYl] iYl[`
9 A886A A886Q 9 )+(+/(+))1 ),+1 nQP )+(++(+))1 */,) NDQ89

8 A886A A886Q 9 )+(+/(+))1 +*.1 nQP )+(++(+))1 */,) NDQ89

D A886A A886Q 9 )+(+0(+))1+),) nQP )+(++(+))1 */,) NDQ89

kgP gfYdqla[Yd
yYjYe]l]j wmeZ]j v]l`g\ O]kmdl • y•u Rfalk Omf

gdmeafme NEAV5V85G A886Q 9G8 G8 m_7u D
gflaegfq NEE85DI58 A886Q wl G68 m_7u 9
gjk]fa[ NEE85DQ5A A886Q wl G68 m_7u 9
iYjame NEE85DV5D A886Q wl AG YMJ= 9
i]jqddame NEE85E95N A886Q wl 968 YMJ= D
kY\eame NEE85ED5V A886Q 86AI 8698 m_7u 9
kYd[ame NEE85N85A A886Q 9N888 G888 m_7u 9
k`jgeame NEE85EN5D A886Q wl G68 YMJ= 9
kgZYdl NEE85EQ5E A886Q wl G68 YMJ= A
kghh]j NEE85G85Q A886Q 9N G68 m_7u 9
rjgf NEDV5QV5I A886Q 9I8 A8 m_7u A
u]Y\ NEDV5VA59 A886Q wl A68 YMJ= 9
vY_f]kame NEDV5VG5E A886Q D988 G8 m_7u 9
vYf_Yf]k] NEDV5VI5G A886Q 9E 98 m_7u A
wa[c]d NEE858A58 A886Q wl 98 YMJ= 9
yglYkkame NEE858V5N A886Q A8888 G888 m_7u 9
P]d]fame NNQA5EV5A A886Q wl G68 YMJ= 9
Padn]j NEE85AA5E A886Q wl G68 YMJ= 9
Pg\ame NEE85AD5G A886Q DA888 G888 m_7u 9
Q`Yddame NEE85AQ58 A886Q wl 86G8 YMJ= 9
SYfY\ame NEE85IA5A A886Q wl G8 YMJ= A
Vaf[ NEE8xII5I A886Q 988 98 m_7u 9

yxu L yjY[la[Yd imYflalYlagf daeal i L l]l][l]\ af l`] e]l`g\ ZdYfc

wx L wgl \]l][l]\ Yl gj YZgn] l`] yxu c L mklaeYl]\ j]kmdl b yxu Yf\ u vxu

T`]j] Yhhda[YZd]6 Ydd kgad kYehd] YfYdqkak Yj] j]hgjl]\ gf Y \jq o]a_`l ZYkak mfd]kk ^dY__]\ oal` Y gT0

m c xmYfldlYlagf g^ [gehgmf\ ]p[]]\]\ l`] [YdaZjYlagf jYf_]

y c Q`] Oyl Z]lo]]f log WR [gdmefk ]p[]]\k E8-

w c O][gn]jq akgml g^ [jal]jaY

P`]Ydq mfnajgfe]flYd P]jna[]k6 rf[6

98I SYflY_] ygafl ljan] T]kl kgdmeZaY6 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

yY_]\ I g^ Q
u]n]d 9 O]hgjl Zl;i
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<6Cw@F
kda]fl\ P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6 uYZgjYlgjq rl\ siA9 8II588D

l]k[jahlagf\ nadljYlagf idYfc vYljap\ gim]gmk

lYl] PYehd]\\8A7A87A88Q 9A8G

lYl] O][]an]\\ )+*+*(+))1

Omf yj]h v]l`g\ gfYdqla[Yd v]l`g\ ladmlagf gfYdqkak lYl] gfYdqkl yj]h lYl] iYl[`
9 A886A A886Q 9 )+(+/(+))1 ),,1 nQP )+(++(+))1 */,) NDQ89
A A886A A886Q 9 )+(+/(+))1 ++)0 nQP )+(++(+))1 */,) NDQ89
D A886A A886Q 9 8A7AN7A88QA8DV nQP )+(++(+))1 */,) NDQ89

kgP gfYdqla[Yd
yYjYe]l]j wmeZ]j v]l`g\ O]kmdl • y•u Rfalk Omf

lakkgdn]\ gdmeafme NEAV5V85G A886Q wl G8 YMJ= D
lakkgdn]\ gflaegfq NEE85DI58 A886Q wl G68 YMJ= 9
lakkgdn]\ gjk]fa[ NEE85DQ5A A886Q wl G68 YMJ= 9
lakkgdn]\ iYjame NEE85DV5D A886Q wl AG YMJ= 9
lakkgdn]\ i]jqddame NEE85E95N A886Q wl 968 YMJ= D
lakkgdn]\ kY\eame NEE85ED5V A886Q wl 8698 YMJ= 9
lakkgdn]\ kYd[ame NEE85N85A A886Q wl G888 m_7u 9
lakkgdn]\ k`jgeame NEE85EN5D A886Q wl G68 m_7u 9
lakkgdn]\ kgZYdl NEE85EQ5E A886Q wl G68 YMJ= A
lakkgdn]\ kghh]j NEE85G85Q A886Q wl G68 m_7u 9
lakkgdn]\ rjgf NEDV5QV5I A886Q wl A8 YMJ= D
lakkgdn]\ u]Y\ NEDV5VA59 A886Q wl A68 YMJ= 9
lakkgdn]\ vY_f]kame NEDV5VG5E A886Q wl G8 YMJ= 9
lakkgdn]\ vYf_Yf]k] NEDV5VI5G A886Q wl 98 YMJ= A
lakkgdn]\ wa[c]d NEE858A58 A886Q wl 98 m_7u 9
lakkgdn]\ yglYkkame NEE858V5N A886Q wl G888 m_7u 9
lakkgdn]\ P]d]fame NNQA5EV5A A886Q wl G68 m_7u 9
lakkgdn]\ Padn]j NEE85AA5E A886Q wl G68 YMJ= 9
lakkgdn]\ Pg\ame NEE85AD5G A886Q wl G888 YMJ= 9
lakkgdn]\ Q`Yddame NEE85AQ58 A886Q wl 86G8 YMJ= 9
lakkgdn]\ SYfY\ame NEE85IA5A A886Q wl G8 YMJ= A
lakkgdn]\ Vaf[ NEE85II5I A886Q wl 98 YMJ= 9

yxu c yjY[la[Yd imYfldlYldgf daeal i c l]l][l]\ rf l`] e]l`g\ ZdYfc

wx c wgl \]l][l]\ Yl gj YZgn] l`] yxu c c mklaeYl]\ j]kmdl b yxu Yf\6\\ vxu

T`]j] Yhhda[YZd]6 Ydd kgad kYehd] YfYdqkak Yj] j]hgjl]\ gf Y \jq o]a_`l ZYkak mfd]kk ^dY__]\ oal` Y "Tx

m c •mYflalYlagf g^ [gehgmf\ ]p[]]\]\ l`] [YdaZjYlagf jYf_]

y c Q`] Oyl Z]lo]]f log ok [gdmefk ]p[]]\k E8-

w c O][gn]jq akgml g^ [jal]jaY

P`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6
98I SYflY_] ygafl ljan] T]kl kgdmeZaY4 Pk AV9NA 1Q8D2NV95VN88 nYp 1Q8D2NV95V999 ooo6k`]YdqdYZ6[ge

yY_]\ N g^ Q
u]n]d 9 O]hgjl nA69

http://www.shealylab.com


<6Ce@F
kda]flP`]Ydq mfnajgfe]flYd P]jna[]k4 rf[6 uYZgjYlgjq rl\ siA9 8II588E

l]k[jahlagf\ nadl]j]\ m^^dm]fl vYljap\ gim]gmk

lYl] BHRUQKJ3\lJl\Jl\\1 ili\

lYl] O][]an]\\ \liliJl\\1

Omf yj]h v]l`g\ gfYdqla[Yd v]l`g\ ladmlagf gfYdqkak lYl] gfYdqkl yj]h lYl] iYl[`
9 A886A A886Q 9 )+(+/(+))1 ),-0 nQP )+(++(+))1 */,) NDQ89
A A886A A886Q 9 )+(+/(+))1++*/ nQP 8A7AA7A88Q9ID8 NDQ89

kgP gfYdqla[Yd
yYjYe]l]j wmeZ]j v]l`g\ O]kmdl • y•u Rfalk Omf

lakkgdn]\ gdmeafme NEAV5V85G A886Q wl G8 m_7u A
lakkgdn]\ gflaegfq NEE85DI58 A886Q wl G68 m_7u 9
lakkgdn]\ gjk]fa[ NEE85DQ5A A886Q wl G68 m_7u 9
lakkgdn]\ iYjame NEE85DV5D A886Q wl AG m_7u 9
lakkgdn]\ i]jqddame NEE85E95N A886Q wl 968 m_7u A
lakkgdn]\ kY\eame NEE85ED5V A886Q 86A9 8698 m_7u 9
lakkgdn]\ kYd[ame NEE8xN85A A886Q 9N888 G888 m_7u 9
lakkgdn]\ k`jgeame NEE85EN5D A886Q wl G68 m_7u 9
lakkgdn]\ kgZYdl NEE85EQ5E A886Q wl G68 m_7u A
lakkgdn]\ kghh]j NEE85G85Q A886Q N68 G68 m_7u 9
lakkgdn]\ rjgf NEDV5QV5I A886Q GI A8 m_7u A
lakkgdn]\ u]Y\ NEDV5VA59 A886Q wl A68 m_7u 9
lakkgdn]\ vY_f]kame NEDV5VG5E A886Q DA88 G8 m_7u 9
lakkgdn]\ vYf_Yf]k] NEDV5VI5G A886Q wl 98 m_7u A
lakkgdn]\ wa[c]d NEE858A58 A886Q wl 98 m_7u 9
lakkgdn]\ yglYkkame NEE858VxN A886Q A8888 G888 m_7u 9
lakkgdn]\ P]d]fame NNQA5EV5A A886Q wl G68 m_7u 9
lakkgdn]\ Padn]j NEE85AA5E A886Q wl G68 m_7u 9
lakkgdn]\ Pg\ame NEE85ADxG A886Q D9888 G888 m_7u 9
lakkgdn]\ Q`Yddame NEE85AQ58 A886Q wl 86G8 m_7u 9
lakkgdn]\ SYfY\ame NEE85IA5A A886Q wl G8 m_7u A
lakkgdn]\ Vaf[ NEE85II5I A886Q QI 98 m_7u 9

yxu L yjY[la[Yd imYfladYlagf daeal i L l]l][l]\ af l`] e]l`g\ ZdYfc
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99A u[\q[n_l gko_iom gfe[fchcns EA97A ND _Y\C I

99A u[\q[n_l gko_iom p[l^h_mm 2nin[f3 AE97D VV _Y\C I

99A u[\q[n_l gko_iom Pj_]c`c]kih^o]n[h]_ AD97A DVQ ogbim8]g I

99A u[\q[n_l gko_iom lcmmifp_^ k[f]cog D997Q AG _Y\C N

99A u[\q[n_l gko_iom lcmmifp_^ v[ah_mcog D997Q AD _Y\C N

99A u[\q[n_l gko_iom lcmmifp_^ Pi^cog D997Q DQ _Y\C N

99A u[\q[n_l gko_iom k[f]cog D997Q AG _Y\C Q

99A u[\q[n_l gko_iom v[ah_mcog D997Q AD _Y\C Q

99A u[\q[n_l gko_iom Pi^cog D997Q DN _Y\C Q

99D Pcgmnl_[g gko_iom gfe[fchcns EA97A VA _Y\C B

99D Pcgmnl_[g gko_iom p[l^h_mm 2nin[f3 AE97D IQ _Y\C V

99D Pcgmnl_[g gko_iom Pj_]c`c]kih^o]n[h]_ AD97A EDD ogbim8]g V

99D Pcgmnl_[g gko_iom Qxk GAI7A \7\ _Y\C V

99D Pcgmnl_[g gko_iom QPP AN97D N7\ _Y\C B

99D Pcgmnl_[g gko_iom lcmmifp_^ k[f]cog D997Q AN _Y\C \

99D Pcgmnl_[g gko_iom lcmmifp_^ kijj_l D997Q 9799VV _Y\C \

99D Pcgmnl_[g gko_iom lcmmifp_^ yin[mmcog D997Q \7N _Y\C \

99D Pcgmnl_[g gko_iom lcmmifp_^ Pi^cog D997Q GV _Y\C \

99D Pcgmnl_[g gko_iom lcmmifp_^ Wch] D997Q 979\D _Y\C C

99D Pcgmnl_[g gko_iom gfogchog D997Q 97DD _Y\C A9

99D Pcgmnl_[g gko_iom k[f]cog D997Q AN _Y\C A9

99D Pcgmnl_[g gko_iom kijj_l D997Q 979AG _Y\C A9

99D Pcgmnl_[g gko_iom rlih D997Q 97AD _Y\C A9

99D Pcgmnl_[g gko_iom yin[mmcog D997Q \7\ _Y\C A9

99D Pcgmnl_[g gko_iom Pi^cog D997Q GI _Y\C A9

99D Pcgmnl_[g gko_iom Wch] D997Q 979\Q _Y\C A9

99E m``fo_hn gko_iom gfe[fchcns EA97A G9 _Y\C AA

99E m``fo_hn gko_iom gggihc[ 6w 2jb_h[n_3 EI97A 97DV _Y\C AA

99E m``fo_hn gko_iom p[l^h_mm 2nin[f3 AE97D IQ _Y\C AA

99E m``fo_hn gko_iom Pj_]c`c]kih^o]n[h]_ AD97A EVG ogbim8]g AA
99E m``fo_hn gko_iom Qxk GAI7A \7I _Y\C AA

99E m``fo_hn gko_iom QPP AN97D A9 _Y\C AA

99G O_]7Pnl_[g gko_iom gfe[fchcns EA97A DN _Y\C AD

99G O_]7Pnl_[g gko_iom p[l^h_mm 2nin[f3 AE97D EI _Y\C AD
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l[n_ P[gjf_^a9D8DA8D99V AD99

l[n_ O_]_cp_^a9DADA8D99V

Ooh
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gh[fsnc][f v_nbi^
2gfe[fchcns3EA97A

2gggihc[ 6w 3EI97A
2lxk3 GAI7A

2p[l^h_mm 2ni3AE97D
2Pj_]c`c]kih3 AD97A

2Qxk3 GAI7A

2QPP3 AN97D

u[\il[nils A9asiDA 9NE699A

v[nlcra gko_iom

lcfoncih
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5
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gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
*,),0),**2 *++- rSk QE\NE
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9D8DQ8D99VAV9D rSk QGAG9
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*-)*,),**2 +3/. yik QGG9A
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kgP gh[fsnc][f
wog\_l v_nbi^ O_mofn • y•f Rhcnm Ooh

EA97A ND A9 ga8f
EI97A 78 97A9 ga8u
GAI7A y_h^cha A79 ga8u
AE97D VV A9 ga8f
AD97A DVQ D799 ogbim8]g
GAI7A 78 A79 _Y\C

AN97D 78 G79 ga8u

gfe[fchcns
gggihc[ 6w 2jb_h[n_3
lxk
p[l^h_mm 2nin[f3
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QPP

j[u d yl[]nc][f ko[hfcn[ncih fcgcn i d l_n_]n_^ chnb_g_nbi^ \f[he
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l_m]lcjncihaf[\q[n_l v[nlcra gko_iom

l[n_ P[gjf_^a9D8DA8D99V AD99

l[n_ O_]_cp_^a9D8DA8D99V

Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
A D997Q D997Q A 9D8DI8D99VD99E tsk 9D8DD8D99VAED9 QEQIV
D D997Q D997Q A 9D8DQ8D99VAGDV vwv 9D8DD8D99VAED9 QEQIV

E D997Q D997Q A 9E89E8D99VAVED vwv 9E89D8D99VAIAV QGEEQ

kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•f Rhcnm Ooh

lcmmifp_^ gfogchog QGD\6\96I D997Q wx 97D9 ga8u A

lcmmifp_^ ghncgihs QGG96EN69 D997Q wx 979A9 ga8u D
lcmmifp_^ glm_hc] QGG96EV6D D997Q wx 979A9 ga8u A
lcmmifp_^ i[lcog QGG96E\6E D997Q wx 979DI ga8u A
lcmmifp_^ i_lsffcog QGG96GA6Q D997Q wx 9799G9 ga8u A
lcmmifp_^ k[^gcog QGG96GE6\ D997Q wx 9799D9 ga8u A
lcmmifp_^ k[f]cog QGG96Q96D D997Q AG I79 ga8f A
lcmmifp_^ kbligcog QGG96GQ6E D997Q wx 9799I9 ga8u A
lcmmifp_^ ki\[fn QGG96GV6G D997Q wx 979DI ga8u A
lcmmifp_^ kijj_l QGG96I96V D997Q wx 9799I9 ga8u A
lcmmifp_^ rlih QGE\6V\6N D997Q wx 97A9 ga8u A
lcmmifp_^ u_[^ QGE\6\D6A D997Q wx 979A9 ga8u A
lcmmifp_^ v[ah_mcog QGE\6\I6G D997Q AD I79 ga8f A
lcmmifp_^ v[ha[h_m_ QGE\6\N6I D997Q wx 979AI ga8u A
lcmmifp_^ wc]e_f QGG969D69 D997Q wx 979G9 ga8u A
lcmmifp_^ yin[mmcog QGG969\6Q D997Q wx I79 ga8u A
lcmmifp_^ P_f_hcog QQVD6G\6D D997Q wx 979A9 ga8u A
lcmmifp_^ Pcfp_l QGG96DD6G D997Q wx 9799I9 ga8u A
lcmmifp_^ Pi^cog QGG96DE6I D997Q DQ I79 ga8f E
lcmmifp_^ Qb[ffcog QGG96DV69 D997Q wx 979I9 ga8u A
lcmmifp_^ S[h[^cog QGG96ND6D D997Q wx 979I9 ga8u A
lcmmifp_^ Wch] QGG96NN6N D997Q wx 979D9 ga8u A

yxu 6 yl[]nc][f ko[hncn[fcih fcgcn

wx 6 win^_n_]n_^ [n il [\ip_ nb_yxu
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Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
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kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

gfogchog QGD\6\96I D997Q wl 97D9 ga8u A
ghncgihs QGG96EN69 D997Q wl 979A9 ga8u D
glm_hc] QGG96EV6D D997Q wl 979A9 ga8u A
i[lcog QGG96E\6E D997Q wl 979DI ga8u A
i_lsffcog QGG96GA6Q D997Q wl 9799G9 ga8u A
k[^gcog QGG96GE6\ D997Q wl 9799D9 ga8u A
k[f]cog QGG96Q96D D997Q AG I79 ga8u A
kbligcog QGG96GQ6E D997Q wl 9799I9 ga8u A
ki\[fn QGG96GV6G D997Q wl 979DI ga8u A
kijj_l QGG96I96V D997Q wl 9799I9 ga8u A
rlih QGE\6V\6N D997Q wx 97A9 ga8u A
u_[^ QGE\6\D6A D997Q wx 979A9 ga8u A
v[ah_mcog QGE\z\I6G D997Q AD I79 ga8u A
v[ha[h_m_ QGE\6\N6I D997Q wx 979AI ga8u A
wc]e_f QGG969D69 D997Q wx 979G9 ga8u A
yin[mmcog QGG969\6Q D997Q wl I79 ga8u A
P_f_hcog QQVD6G\6D D997Q wl 979A9 ga8u A
Pcfp_l QGG96DD6G D997Q wl 9799I9 ga8u A
Pi^cog QGG96DE6I D997Q DN I79 ga8u E
Qb[ffcog QGG96DV69 D997Q wl 979I9 ga8u A
S[h[^cog QGG96ND6D D997Q wl 979I9 ga8u A
Wch] QGG96NN6N D997Q wl 979D9 _Y\C A

yxu d yl[]nc][f ko[hfcn[ncih fcgcn i d l_n_]n_^ chnb_g_nbi^ \f[he

wx d win ^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mocnc yxu [h^ v vxu

Tb_l_ [jjfc][\f_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ 1T1
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w d O_]ip_ls cmion i`]lcn_lc[

y[a_a Qi`AD
u_p_f A O_jilnpD7A



kfc_hnaPb_[fs mhpclihg_hn[f P_lpc]_m5rh]7

l_m]lcjncihaPcgmnl_[g

l[n_ P[gjf_^a9D8DA8D99V ADDA

l[n_ O_]_cp_^a9D8DA8D99V

Ooh
6
A
A
A

5
A
5

gh[fsnc][f v_nbi^
2gfe[fchcns3EA97A

2gggihc[z w 3EI97A
2lxk3GAI7A

2p[l^h_mm 2ni3AE97D
2Pj_]c`c]kih3 AD97A

2Qxk3 GAI7A
2QPP3 AN97D

lcfoncih
5
A
5
5

A
5

5

f[\il[nils rla siDA 9NE699D

v[nlcra gko_iom

gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
9E8AA8D99V99E9 rSk QGVQA
9D8D\8D99VAIDQ Tl 9D8DV8D99VA\9D QGA\9

9D8DQ8D99VAVAV rSk QGAG9
9D8DN8D99V9AGE rSk QE\N\
9E89D8D99VD9AD yPk QGG9A
9D8DN8D99VAQAV yvv QEINE

kgP gh[fsnc][f
wog\_l v_nbi^ O_mofn • y•f Rhcnm Ooh

EA97A VA A9 ga8u D
EI97A wl 97A9 ga8f A
GAI7A y_h^cha A79 ga8f A
AE97D IQ A9 ga8u A
AD97A EDD D799 ogbim8]g A
GAI7A \7\ A79 ga8u A
AN97D N7\ G79 ga8u A

gfe[fchcns

gggihc[ 6w 2jb_h[n_3
lxk
p[l^h_mm 2nin[f3
Pj_]c`c]kih^o]n[h]_
;8l
;::

yxu I yl[]nc][f ko[hncn[ncih fcgcn i I l_n_]n_^ ch nb_g_nbi^ \f[he

wx d win ^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mofnc yxu [h^ v vxu

Tb_l_ [jjfc][\c_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ xT"

mn FbO[aWaOaW\[\TQ\Z]\b[R SeQSSRSR aVS QOYWP_OaW\[ _O[US

y d Qb_ Oyx \_nq__h nqi ok ]ifoghm _r]__^m G9.

w n GSQ\cS_f W` \ba \T Q_WaS_WO

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 l
A9NS[hn[a_ yichnllcp_ T_mn kifog\c[5 Pk D\AQD 2V9E3Q\Av9

y[a_a V i`AD
u_p_f A O_jilnhnJl



?:E'8<H
kfc_hnPb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 u[\il[nils rla siDA 9NE699D

l_m]lcjncihaPcgmnl_[g v[nlcra gko_iom

l[n_ JS_b^WV4in\nl\nii2 lnnl

l[n_ O_]_cp_^ainlnl\nii2

Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
A D997Q D997Q A in\n/\nii2nil1 tsk in\nn\nii2 l·ni QEQIV
D D997Q D997Q A in\n1\nii2l..l vwv in\nn\nii2 l·ni QEQIV
E D997Q D997Q A i·\i·\nii2 l2·1 vwv i·\in\nii2 l/l2 QGEEQ

kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

lcmmifp_^ gfogchog QGD\6\96I D997Q wl 97D9 _Y\C A

lcmmifp_^ ghncgihs QGG96EN69 D997Q wl 979A9 _Y\C D
lcmmifp_^ glm_hc] QGG96EV6D D997Q wl 979A9 ga8u A
lcmmifp_^ i[lcog QGG96E\6E D997Q wl 979DI ga8u A
lcmmifp_^ i_lsffcog QGG96GA6Q D997Q wl 9799G9 _Y\C A
lcmmifp_^ k[^gcog QGG96GE6\ D997Q wl 9799D9 _Y\C A
lcmmifp_^ k[f]cog QGG96Q96D D997Q AN I79 _Y\C A
lcmmifp_^ kbligcog QGG96GQ6E D997Q wl 9799I9 _Y\C A
lcmmifp_^ ki\[fn QGG96GV6G D997Q wl 979DI _Y\C A
lcmmifp_^ kijj_l QGG96I96V D997Q 9799VV 9799I9 ga8u A
lcmmifp_^ rlih QGE\6V\6N D997Q wl 97A9 _Y\C A
lcmmifp_^ u_[^ QGE\6\D6A D997Q wl 979A9 _Y\C A
lcmmifp_^ v[ah_mcog QGE\6\I6G D997Q wl I79 _Y\C A
lcmmifp_^ v[ha[h_m_ QGE\6\N6I D997Q wl 979AI _Y\C A
lcmmifp_^ wc]e_f QGG969D69 D997Q wl 979G9 _Y\C A
lcmmifp_^ yin[mmcog QGG969\6Q D997Q \7N I79 ga8u A
lcmmifp_^ P_f_hcog QQVD6G\6D D997Q wl 979A9 _Y\C A
lcmmifp_^ Pcfp_l QGG96DD6G D997Q wl 9799I9 _Y\C A
lcmmifp_^ Pi^cog QGG96DE6I D997Q GV I79 ga8u E
lcmmifp_^ Qb[ffcog QGG96DV69 D997Q wl 979I9 _Y\C A
lcmmifp_^ S[h[^cog QGG96ND6D D997Q wl 979I9 _Y\C A
lcmmifp_^ Wch] QGG96NN6N D997Q 979\D 979D9 ga8u 5

yxu d yl[]nc][f ko[hncn[ncih fcgcn i d l_n_]n_^ chnb_g_nbi^ \f[he

wx d win^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mofnc yxu [h^~a vxu

Tbil_ [jjfc][\f_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ iT1

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 l
A9NS[hn[a_ yichnllcp_ T_mn kifog\c[5 Pk D\AQD 2V9E3Q\AiA'e

m d •o[hncn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyl \_nq__h nqi ok ]ifoghm _r]__^m G9.

w d O_]ip_ls cmion i`]lcn_lc[

y[a_a \ i`AD
u_p_f A O_jilnpD7A



?:E'8<H
kfc_hnaPb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 u[\il[nils rla siDA9NE699D

l_m]lcjncihaPcgmnl_[g v[nlcra gko_iom

l[n_ P[gjf_^a9D8DA8D99V ADDA

l[n_ O_]_cp_^a9D8DA8D99V

Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
A D997Q D997Q A 9D8DI8D99VD9A9 tsk 9D8DD8D99VAED9 QEQIV
D D997Q D997Q A 9D8DQ8D99VAGEG vwv 9D8DD8D99VAED9 QEQIV
E D997Q D997Q A 9E89E8D99VD9IQ vwv 9E89D8D99VAIAV QGEEQ

kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

gfogchog QGD\6\96I D997Q 97DD 97D9 ga8u A
ghncgihs QGG96EN69 D997Q wl 979A9 ga8u D
glm_hc] QGG96EV6D D997Q wl 979A9 ga8u A
i[lcog QGG96E\6E D997Q wl 979DI ga8u A
i_lsffcog QGG96GA6Q D997Q wl 9799G9 ga8u A
k[^gcog QGG96GE6\ D997Q wl 9799D9 ga8u A
k[f]cog QGG96Q96D D997Q AN I79 ga8u A
kbligcog QGG96GQ6E D997Q wl 9799I9 ga8u A
ki\[fn QGG96GV6G D997Q wl 979DI ga8u A
kijj_l QGG96I96V D997Q 979AG 9799I9 ga8u A
rlih QGE\6V\6N D997Q 97AD 97A9 ga8u A
u_[^ QGE\6\D6A D997Q wl 979A9 ga8u A
v[ah_mcog QGE\6\I6G D997Q wl I79 ga8u A
v[ha[h_m_ QGE\6\N6I D997Q wl 979AI ga8u A
wc]e_f QGG969D69 D997Q wl 979G9 ga8u A
yin[mmcog QGG969\6Q D997Q \7\ I79 ga8u A
P_f_hcog QQVD6G\6D D997Q wl 979A9 ga8u A
Pcfp_l QGG96DD6G D997Q wl 9799I9 ga8u A
Pi^cog QGG96DE6I D997Q GI I79 ga8u E
Qb[ffcog QGG96DV69 D997Q wl 979I9 ga8u A
S[h[^cog QGG96ND6D D997Q wl 979I9 ga8u A
Wch] QGG9zNN6N D997Q 979\Q 979D9 ga8u A

yxu I yl[]nc][f ko[hncf[ncih fcgcn i I x_n_]n_^ch nb_g_nbi^ \f[he

wx d win^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mofnc yxu [h^ v vxu

Tb_l_ [jjfc][\f_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ zTz

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 l
54: S[hn[a_ yichnllcp_ T_mn kifog\c[5 Pk 6C5A6 .B47/AC5iA4

m aa•o[hncn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyx \_nq__h nqi ok ]ifoghm _r]__^m G9.

w aaO_]ip_ls cmion i`]lcn_lc[

y[a_a A9 i`AD
u_p_f A O_jilnpD7A



kfc_hnaPb_[fs mhpclihg_hn[f P_lpc]_m5rh]7

l_m]lcjnciham``fo_hn

l[n_ P[gjf_^a9DfD98D99V AD99

l[n_ O_]_cp_^ain\nl\nii2

Ooh
D
A
5
5

5
A

A
5

yl_j v_nbi^ gh[fsnc][f v_nbi^
2gfe[fchcns3EA97A

EI97D 2gggihc[ 6w 3EI97A
2k[l\ih[]_iom3 G9I7A

2lxk3 GAI7A
2p[l^h_mm 2ni3AE97D
2Pj_]c`c]kih3 AD97A

2Qxk3 GAI7A
2QPP3 AN97D

lcfoncih
5
5
5
5
5

5

A
5

u[\il[nils rla siDA9NE6l9E

v[nlcra gko_iom

gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
9E8AA8D99V99GA rSk QGVQA

9D8D\8D99VAIDV Tl in\n2\nii2 l3in QGA\9

in\n1\nii2l·l3 Pup in\nn\nii2i3ln GDQD

9D8DQ8D99VAVDN rSk QGAG9

9D8DN8D99V9DDD rSk QE\N\

i·\in\nii2 ni·l yik QGG9A

9D8DN8D99VAQAV yvv QEINE

kgP gh[fsnc][f
wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

EA97A G9 A9 ga8u D
EI97A 97DV 97A9 ga8u A

G9I7A wl D79 ga8u A
GAI7A y_h^cha A79 ga8u A
AE97D IQ A9 ga8u A
AD97A EVG D799 ogbim8]g A
GAI7A \7I A79 ga8u A
AN97D A9 G79 ga8u A

gfe[fchcns
gggihc[ 6w 2jb_h[n_3
k[l\ih[]_iom ixl5 I ^[s
lxk
p[l^h_mm 2nin[f3
Pj_]c`c]kih^o]n[h]_
;8l
QPP

yxu I yl[]nc][f ko[hncf[fcih fcgcn i I l_n_]n_^ chnb_g_nbi^ \f[he

wl I win^_n_]n_^ [n il [\ip_ nb_yxu WI mmncg[n_^ l_mofnc yxu [h^ v vxu

Tb_l_ [jjfc][\f_7 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ xT"

m d •o[hnfn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyx \_nq__h nqi ok ]ifoghm _r]__^m G9.

w d O_]ip_ls cmion i`]lcn_lc[

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 lO
54: S[hn[a_ yichn llcp_ T_mn kifog\c[5 Pk 6C5A6 .B47/AC52«A4 2

y[a_a AAi`AD
u_p_f A O_jilnpD7A



kfc_hnaPb_[fs mhpclihg_hn[f P_lpc]_m5rh]7

l_m]lcjncihaO_]7Pnl_[g

l[n_ P[gjf_^a9D8D98D99V A999

l[n_ O_]_cp_^a9D8DA8D99V

Ooh
5
A
5
5

A
A
5

gh[fsnc][f v_nbi^
2gfe[fchcns3EA97A

2gggihc[7 w 3EI97A
2lxk3 GAI7A

2p[l^h_mm 2ni3AE97D
2Pj_]c`c]kih3 AD97A

2Qxk3 GAI7A
2QPP3 AN97D

lcfoncih
5

5
5
5

A
5

5

u[\il[nils A9asiDA 9NE699G

v[nlcra gko_iom

gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
9D8DN8D99V9DGD rSk QE\NE
9E89E8D99VAVIG Tl 9E89E8D99VAD99 QGG9I

9D8DQ8D99VAVGE rSk QGAG9
9D8DN8D99V9DEE rSk QE\N\
9E89D8D99VDADN yPk QGG9A
9D8DI8D99VANAV yvv QEV\E

kgP gh[fsnc][f
wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

EA97A DN A9 ga8u
EI97A 78 97A9 ga8u
GAI7A y_h^cha A79 ga8u
AE97D EI A9 ga8u
AD97A A9I D799 ogbim8]g
GAI7A G7E A79 ga8u
AN97D 78 G79 ga8u

gfe[fchcns
gggihc[z w 2jb_h[n_3
lxk
p[l^h_mm 2nin[f3
Pj_]c`c]kih^o]n[h]_
Qxk
QPP

yxu I yl[]nc][f ko[hncn[ncih fcgcn i I l_n_]n_^ chnb_g_nbi^ \f[he

wx d win^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mofnc yxu [h^7aea vxu

Tb_l_ [jjfc][\f_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ xT"

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 l
54: S[hn[a_ yichnllcp_ T_mn kifog\c[5 Pk 6C5A6 .B47/AC52«A4

m d •o[hncn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyl \_nq__h nqi ok ]ifoghm _r]__^m G9.

w da O_]ip_ls cmion i`]lcn_lc[

y[a_a ADi`AD
u_p_f A O_jilnpD7A
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A\a CbZPS_4 @9,+*02

Qbcm O_jilni`gh[fsmcm ]ihn[chm nb_[h[fsnc][f l_mofn2m3̀ilnb_m[gjf_2m3 fcmn_îh nb_P[gjf_ Pogg[ls `iffiqchanbcmk[m_ w[ll[ncp_7 Qb_ m[gjf_
l_]_cpchâ[n_ cm^i]og_hn_^ chnb_b_[^_l ch`ilg[ncih[mmi]c[n_^ qcnb_[]b m[gjf_7

P[gjf_ l_]_cjn5m[gjf_ [h[fsmcm5 [h^ ^[n[ l_pc_qb[p_ \__h j_l`ilg_^ ch []]il^[h]_ qcnbnb_gimn ]oll_hn[jjlip_^ wmugk mn[h^[l^m5 nb_
Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7 2"Pb_[fs"3 •o[fcns gmmol[h]_ v[h[a_g_hn yf[h 2•gvy35 mn[h^[l^ ij_l[nchajli]_^ol_m 2Pxym35 [h^ Pb_[fs
jifc]c_m7ghs _r]_jncihmninb_wmugk mn[h^[l^m5 nb_•gvy5 Pxym iljifc]c_m[l_ ko[fc`c_^ ih nb_l_mofnmj[a_ il^cm]omm_^ \_fiX8X27

Pb_[fs mhpclihg_hn[f P_lpc]_m5rh]7
A9NS[hn[a_ yichnllcp_ T_mn kifog\c[5 Pk D\AQD 2V9E3Q\A6\Q99 n[r 2V9E3Q\A6\AAA qqq7mb_[fsf[\7]ig
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99A O_]_cpchaPnl_[g gko_iom 8YbZW[bZ D997Q 97EE ga8u 9

99A O_]_cpchaPnl_[g gko_iom i[lcog D997Q 979EA ga8u 9

99A O_]_cpchaPnl_[g gko_iom k[f]cog D997Q V7N ga8u 9
99A O_]_cpchaPnl_[g gko_iom rlih D997Q A7A ga8u 9
99A O_]_cpchaPnl_[g gko_iom v[ha[h_m_ D997Q 979GQ ga8u 9
99A O_]_cpchaPnl_[g gko_iom Pi^cog D997Q Q7N ga8u 9
99E O_]7Pnl_[g6 ncfn_l_^ gko_iom lcmmifp_^ k[f]cog D997Q Q7V ga8u Q

99E O_]7Pnl_[g6 ncfn_l_^ gko_iom lcmmifp_^ rlih D997Q 97GA ga8u Q

99E O_]7Pnl_[g6 ncfn_l_^ gko_iom lcmmifp_^ v[ha[h_m_ D997Q 979EG ga8u Q
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D997Q

D997Q
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vwv
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Ooh
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5
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A
5
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5
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5
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wx I win^_n_]n_^ [n il [\ip_ nb_yxu WI mmncg[n_^ l_mofnc yxu [h^f vxu
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m d xo[hncn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyl \_nq__h nqi ok ]ifoghm _r]__^m G9.
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l[n_ P[gjf_^a9DfD98D99V A9GI

l[n_ O_]_cp_^a9D8DA8D99V

Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
5 6442A 6442A 5 463693644B6489 tsk 463663644B5764 A7A9B
6 6442A 6442A 5 4636A3644B5958 vwv 463663644B5764 A7A9B
7 6442A 6442A 5 473473644B5B8: vwv 463663644B5764 A7A9B

kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

lcmmifp_^ gfogchog A86C1C419 6442A wx 4264 ga8u 5
lcmmifp_^ ghncgihs A88417:14 6442A wx 42454 ga8u 6
lcmmifp_^ glm_hc] A88417B16 6442A wx 42454 ga8u 5
lcmmifp_^ i[lcog A88417C17 6442A wx 42469 ga8u 5
lcmmifp_^ i_lsffcog A8841851A 6442A wx 424484 ga8u 5
lcmmifp_^ k[^gcog A8841871C 6442A wx 424464 ga8u 5
lcmmifp_^ k[f]cog A8841A416 6442A wx 924 ga8u 5
lcmmifp_^ kbligcog A88418A17 6442A wx 424494 ga8u 5
lcmmifp_^ ki\[fn A88418B18 6442A wx 42469 ga8u 5
lcmmifp_^ kijj_l A8841941B 6442A wx 424494 ga8u 5
lcmmifp_^ rlih A87C1BC1: 6442A wx 4254 ga8u 5
lcmmifp_^ u_[^ A87C1C615 6442A wx 42454 ga8u 5
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lcmmifp_^ wc]e_f A88414614 6442A wx 42484 ga8u 5
lcmmifp_^ yin[mmcog A88414C1A 6442A wx 924 ga8u 5
lcmmifp_^ P_f_hcog AAB618C16 6442A wx 42454 ga8u 5
lcmmifp_^ Pcfp_l A88416618 6442A wx 424494 ga8u 5
lcmmifp_^ Pi^cog A88416719 6442A wx 924 ga8u 7
lcmmifp_^ Qb[ffcog A88416B14 6442A wx 42494 ga8u 5
lcmmifp_^ S[h[^cog A8841:616 6442A wx 42494 ga8u 5
lcmmifp_^ Wch] A8841::1: 6442A wx 42464 ga8u 5
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l[n_ O_]_cp_^ainlnl\nii2

Ooh yl_j v_nbi^ gh[fsnc][f v_nbi^ lcfoncih gh[fsmcm l[n_ gh[fsmn yl_j l[n_ i[n]b
A D997Q D997Q A *,),/),**2 ,*/, tsk *,),,),**2 +-,* QEQIV
D D997Q D997Q A *,),1),**2 +/,+ vwv *,),,),**2 +-,* QEQIV
E D997Q D997Q A *-)*-),**2 +2/+ vwv *,),,),**2 +-,* QEQIV

kgP gh[fsnc][f
y[l[g_n_l wog\_l v_nbi^ O_mofn • y•u Rhcnm Ooh

lcmmifp_^ gfogchog QGD\6\96I D997Q wl 97D9 ga8u A
lcmmifp_^ ghncgihs QGG96EN69 D997Q wl 979A9 ga8u D
lcmmifp_^ glm_hc] QGG96EV6D D997Q wl 979A9 ga8u A
lcmmifp_^ i[lcog QGG96E\6E D997Q wl 979DI _Y\C A
lcmmifp_^ i_lsffcog QGG96GA6Q D997Q wl 9799G9 _Y\C A
lcmmifp_^ k[^gcog QGG96GE6\ D997Q wl 9799D9 _Y\C A
lcmmifp_^ k[f]cog QGG96Q96D D997Q Q7V I79 _Y\C A
lcmmifp_^ kbligcog QGG96GQ6E D997Q wl 9799I9 _Y\C A
lcmmifp_^ ki\[fn QGG96GV6G D997Q wl 979DI _Y\C A
lcmmifp_^ kijj_l QGG96I96V D997Q wl 9799I9 _Y\C A
lcmmifp_^ rlih QGE\zV\6N D997Q 97GA 97A9 ga8u A
lcmmifp_^ u_[^ QGE\6\D6A D997Q wl 979A9 _Y\C A
lcmmifp_^ v[ah_mcog QGE\6\I6G D997Q wl I79 _Y\C A
lcmmifp_^ v[ha[h_m_ QGE\6\N6I D997Q 979EG 979AI ga8u A
lcmmifp_^ wc]e_f QGG969D69 D997Q wl 979G9 _Y\C A
lcmmifp_^ yin[mmcog QGG969\6Q D997Q wl I79 _Y\C A
lcmmifp_^ P_f_hcog QQVD6G\6D D997Q wl 979A9 _Y\C A
lcmmifp_^ Pcfp_l QGG96DD6G D997Q wl 9799I9 _Y\C A
lcmmifp_^ Pi^cog QGG9zDEzI D997Q Q7V I79 ga8u E
lcmmifp_^ Qb[ffcog QGG96DV69 D997Q wl 979I9 _Y\C A
lcmmifp_^ S[h[^cog QGG96ND6D D997Q wl 979I9 _Y\C A
lcmmifp_^ Wch] QGG96NN6N D997Q wl 979D9 _Y\C A

yxuabayl[]nc][f ko[hncn[ncihfcgcn V abal_n_]n_ĉhnb_g_nbi^ \f[he

wl d win^_n_]n_^ [n il [\ip_ nb_yxu Wd mmncg[n_^ l_mofnc yxu [h^7aa vxu

Tb_l_ [jjfc][\f_5 [ff micfm[gjf_ [h[fsmcm [l_ l_jiln_^ih [ ^ls q_cabn \[mcm ohf_mm `f[aa_^ qcnb [ zTz

m d •o[hncn[ncih i`]igjioh^ _r]__^_^ nb_][fc\l[ncih l[ha_

y d Qb_ Oyl \_nq__h nqi ok ]ifoghm _r]__^m G9.
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rD2W1 :KP'lS ^((((( bSYWR,R aX
5

:[fk rJfSfW rP[b :aVW 5
7v 8`S^ke[e .8ffSUZ ^[ef[X_adW ebSUW «h`WWVWVJ1

Gd[ S_WJ l1X73
Gda\WUf ES_W

r22ej2«iObu9 (D*
11S1\ "

Gda\WUf EaJ GJ;JEaJ
ay3 EaJ aX :a`fS[`Wde 6c51~v1 CafEaJ

79I DSfd[j Tk GdWeWdhSf[hW KkbW @D9rR Sarivi n13 "Uuer
JS_b^W li\ ;WeUd[bf[a` ;SfW K[_W " 9 v v

v kP v r-' 24ue-' 9 v ?QC B o
Di

r 2rDg.q " bk 93 1" v
s 1".:a`fS[`Wde XadWSUZ eS_b^W _Sk TW Ua_T[`WV a` a`W ^[`WJ1 v 1" u v Di v 1" IW_Sd]e \ :aa^Wd lJiJ96 aae 1" " 776w w 1"6l6> Oed-xgeb nbA\n,Vrer 11/4E99Oj20 oPSOYv o1

x5vI WreN v 32a zg2kr twkkk ni2«x9
FJ·H /foR v

s77 2V1b2gibpEWr:BHo (

9709 SRYY v 1"`6 L
8&J @ [nl· v n22 X
@Jn WmmaSF v n22 3
*)&) -5 STT·'" v /< 3

78

81

Gaee[T^W ?SlSdV @VW`f[X[USf[a` JS_b^W ;[ebaeS^ EafW4 8^êS_b^We SdW dWfS[`WV Xade[j iWW]e Xda_ dWUW[bf
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77D
77E
77O
676

.87 H;BEA>H/

BJVYUN B^VVJ[b
BQNJUb5W_R[XWVNW]JU BN[_RLN\b9WLr

;X] =^VKN[/ :2'&y,y
BJVYUN 94

l;< aDCIGDA
7>=3 8IG>;B
8?BHIG>;B
948
:4E

C4A
774B

7C4E

8C4A

:849

<J][Ra

QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH
QFJ>DJH

4J]N BJVYUNM

in\nl\nii2lnl2

in\nl\nii2lnl3

in\nl\nii2 lnnn

in\nl\nii2 lnn/

in\nl\nii2 ln·i

in\nl\nii2ln·/

in\nl\nii2 ln·0

in\nl\nii2ln.i

in\nl\nii2 ln.·

in\nl\nii2 ln.0

4J]N ANLNR_NM

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

in\nl\nii2

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
87G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcppXY5Zfd

?JPN/ ( XO')
s\m\c 8 y\gfik m958
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B851;H 5=E9A>=<5=C1; B5AE935Bb 9=3r

5aNL^]R_N B^VVJ[b
BQNJUb5W_R[XWVNW]JU BN[_RLN\b 9WLr

;X]=^VKN[/ :2'&y,y
BJVYUN BJVYUN &y <J][Ra ?J[JVN]N[ <N]QXM AN\^U] x DWR]\ ?JPN

779 y\Z5 •ki\Xd ehl\flj i`jjfcm\[ gfgg\i 9775N 95D l^6s I

779 y\Z5 •ki\Xd ehl\flj gfgg\i 9775N 85I hZ\C N

77A •`djki\Xd ehl\flj i`jjfcm\[ gfgg\i 9775N I5N hZ\C Q

77A •`djki\Xd ehl\flj gfgg\i 9775N 8E l^6s 87

77D A59 ehl\flj i`jjfcm\[ gfgg\i 9775I 757D7 `Z\C 88

77D A59 ehl\flj gfgg\i 9775I 757EA `Z\C 89

77E D5Q ehl\flj i`jjfcm\[ gfgg\i 9775I 757E9 `Z\C 8A

77E D5Q ehl\flj gfgg\i 9775I 757GI `Z\C 8D

77G I5E ehl\flj i`jjfcm\[ gfgg\i 9775I 757IE `Z\C 8E

77G I5E ehl\flj gfgg\i 9775I 7587 `Z\C 8G

77I 885G ehl\flj i`jjfcm\[ gfgg\i 9775I 7588 `Z\C 8I

77I 885G ehl\flj gfgg\i 9775I 758D `Z\C 8N

77N 8I5Q ehl\flj i`jjfcm\[ gfgg\i 9775I 758E `Z\C 8Q

77N 8I5Q ehl\flj gfgg\i 9775I 7597 `Z\C 97

77Q 9I5E ehl\flj i`jjfcm\[ gfgg\i 9775I 759D `Z\C 98

77Q 9I5E ehl\flj gfgg\i 9775I 75A8 `Z\C 99

787 D95A ehl\flj i`jjfcm\[ gfgg\i 9775I 75AG `Z\C 9A

787 D95A ehl\flj gfgg\i 9775I 75DI `Z\C 9D

18N[\k\Zk`fej2

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
87G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/) XO')
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekV•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

i\jZi`gk`feVsXY gfekifc

iXk\ •Xdgc\[V796986977N 898N

lXk\ y\Z\`m\[V 796986977N

sXYfiXkfip oiVpf987I7v778

tXki`oVehl\flj

yle wi\g t\k_f[ eeXcpk`ZXc t\k_f[ i`clk`fe eeXcpj`j iXk\ eeXcpjk wi\g iXk\ fXkZ_
8 97759 9775N 8 7969G6977N9A98 lO• 796996977N8GA7 IAN79

ge• eeXcpk`ZXc
wXiXd\k\i uldY\i t\k_f[ y\jlck x wxs Pe`kj yle

i`jjfcm\[ gfgg\i IDD74E74N 9775N ui 857 l^6s

wvs b wiXZk`ZXchlXek`kXk`fe c`d`k

ui L ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

k b xlXek`kXk`fe f] Zfdgfle[ \oZ\\[\[ k_\ ZXc`YiXk`fe iXe^\

w b O_\ ywi Y\kn\\e knf mg Zf`ldej \oZ\\[j D7-

u b y\Zfm\ip `j flk f] Zi`k\i`X

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

wX^\V E f] 9D
s\m\c 8 y\gfik inJl

http://www.shealylab.com


gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV ;JK 3XW][XU

iXk\ •Xdgc\[V796986977N TWTg
`pXk\ y\Z\`m\[V SWRWTRWSSg

cXYfiXkfip oiV soWTSfSOSST

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
7 86648 8664D 7 ,.+.2+.,,4./-. lO• 685885866D7B96 C9D68

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@U DWR]\ A^W

gfgg\i C::63A63D 8664D ui 746 l^6s

?>; 0 ?[JL]RLJUZ^JW]R]J]RXW URVR]

ui L ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ 3e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

k V\@^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w b O_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u VVVANLX_N[b R\ X^]XOL[R]N[RJ

•_\Xcp kem`ifed\ekXc •\im`Z\j5 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/ + XO')
s\m\c 8 y\gfik m958
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gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV ANLr B][NJV

iXk\ BJVYUNM/y'w'&w'yy- &'&.

nXk\ y\Z\`m\[V .9'9/'9..C

sXYfiXkfip oiV :2'&y,yeyy'

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
7 86648 8664D 7 in\n1\nii2iii1 lO• in\nn\nii2 l0·i C9D68

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@; DWR]\ A^W

4R\\XU_NM 3XYYN[ ,))yc*yc- 'yyr- 'r) &ry ^Pw;

wvs\ wiXZk`ZXc hlXek`kXk`fe c`d`k

ui \ ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f \ i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b I kjk`dXk\[ i\jlck a wvs Xe[ t tis

k V\V@^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w \ O_\ ywi Y\kn\\e knf VQ Zf`ldej \oZ\\[j D7-

u V\ANLX_N[b R\ X^]XOL[R]N[RJ

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/ , XO')
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekV•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

i\jZi`gk`feVy\Z5 •ki\Xd

iXk\ •Xdgc\[V796986977N 898Q

lXk\ y\Z\`m\[V 796986977N

sXYfiXkfip oiVpf987I74779

tXki`oVehl\flj

yle wi\g t\k_f[ eeXcpk`ZXc t\k_f[ i`clk`fe eeXcpj`j iXk\ eeXcpjk wi\g iXk\ fXkZ_
9 97759 9773N 8 7969Q6977N99AI lO• 7969N6977N8989 ID8AG

ge• eeXcpk`ZXc
wXiXd\k\i uldY\i t\k_f[ y\jlck x wxs Pe`kj yle

gfgg\i IDD74E7vN 9775N 85I 857 l^6s 9

wvs b wiXZk`ZXchlXek`kXkcfe _d`k

uv b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tvs

k b xlXek`kXk`fe f] Zfdgfle[ \oZ\\[\[ k_\ ZXc`YiXk`fe iXe^\

w b O_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u b y\Zfm\ip `jflk f] Zi`k\i`X

•_\Xcp kem`ifed\ekXc •\im`Z\j3oeZ3
7GQXekX^\ wf`ekii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY3Zfd

wX^\V N f] 9D
s\m\c 8 y\gfik m938

http://www.shealylab,com


gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV BRV\][NJV

pXk\ •Xdgc\[V796986977X &'''

PXk\ y\Z\`m\[V .9'9/'9..T

sXYfiXkfip oiV :2'&y,ycyy(

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
8 86648 8664D 8 ,.+.3+.,,4,,0/ lO• ,.+..+.,,4 -2/, C9D68

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@; DWR]\ A^W

4R\\XU_NM 3XYYN[ ,))ye*yeJ 'yyrJ C4v &ry {fkO

?>;// ?[JL]RLJUZ^JW]R]J]SXWURVR]

ui b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tvs

S FF@^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w b O_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u VVANLX_N[b R\ X^]XOL[R]N[RJ

g\_\Xcp kem`ifed\ekXc •\im`Z\j5 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X5 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/.XO')
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekV•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

i\jZi`gk`feV •`djki\Xd

iXk\ •Xdgc\[V796986977N 8999

lXk\ y\Z\`m\[V 796986977N

sXYfiXkfip oiV pf987I7v77A

tXki`oV ehl\flj

yle wi\g t\k_f[ eeXcpk`ZXc t\k_f[ i`clk`fe eeXcpj`j iXk\ eeXcpjk wi\g iXk\ fXkZ_
8 97759 9775N 8 7969I6977N 77AD lO• 796996977N 8GA7 IAN79

ge• eeXcpk`ZXc
wXiXd\k\i uldY\i t\k_f[ y\jlck x wxs Pe`kj yle

gfgg\i IDD7vE7vN 9775N 8E 857 l^6s

wvs b wiXZk`ZXchlXek`kXk`fe c`d`k

ui b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

k b xlXek`kXk`fe f] Zfdgfle[ \oZ\\[\[ k_\ ZXc`YiXk`fe iXe^\

w VVO_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u VVy\Zfm\ip `j flk f] Zi`k\i`X

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
7GQXekX^\ wf`ekii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

wX^\V 87 f] 9D
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ek•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

i\jZi`gk`feVA59

iXk\ •Xdgc\[V796986977X 899E

lXk\ y\Z\`m\[V in\nl\niiT

sXYfiXkfip 87Vpf987I7477D

tXki`oVehl\flj

yle wi\g t\k_f[ eeXcpk`ZXc t\k_f[ i`clk`fe eeXcpj`j iXk\ eeXcpjk wi\g iXk\ fXkZ_
8 9775I 9775I 8 in\n/\nii2nli0 rpg in\nn\nii2 l·ni IAIEN

ge• eeXcpk`ZXc
wXiXd\k\i uldY\i t\k_f[ y\jlck x wxs Pe`kj yle

i`jjfcm\[ gfgg\i IDD74E74X 9775I 757D7 7577E7 d^6s

iveb wiXZk`ZXchlXek`kXkcfe c`d`k

ui b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

k b xlXek`kXk`fe f] Zfdgfle[ \oZ\\[\[ k_\ ZXc`YiXk`fe iXe^\

w \VVO_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u \VVy\Zfm\ip `j flk f] Zi`k\i`X

5j_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
7G QXekX^\ wf`ekii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

wX^\V 88 f] 9D
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV aPW

pXk\ BJVYUNM/y'w'&w'yy- &''*

scXk\ y\Z\`m\[V .9'9/'9..C

sXYfiXkfip oiV :2'&y,yeyy)

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
7 8664C 8664C 7 ,.+.1+.,,4 .,15 rpg ,.+..+.,,4 -/., C9CAD

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@; DWR]\ A^W

3XYYN[ ,))ye*ye- 'yyr, yry*( yryy*y nfkO

?@; 0 ?[JL]RLJUZ^JW]R]J]RXW URVR]

ui b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

S 0 @^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w b O_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u 0 ANLX_N[b R\ X^]XOL[R]N[RJ

•_\Xcp kem`ifed\ekXc •\im`Z\j5 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/ &' XO')
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV cPi
iXk\ BJVYUNM/y'w'&w'yy- &'(y

nXk\ y\Z\`m\[V y'w'&w'yy-

sXYfiXkfip 87V:2'&y,yeyy*

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
8 9775I 9775I 8 7969E6977N9897 rpg 796996977N 8A97 IAIEN

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@; DWR]\ A^W

4R\\XU_NM 3XYYN[ ,))ye*ye- 'yyr, yry*' yryy*y VPw;

?>; 0 ?[JL]RLJUZ^JW]R]J]RXW URVR]

uv b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wxc

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck J wxc Xe[VV tvs

S 0 @^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w b O_\ ywv Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u 0 ANLX_N[b R\X^] XOL[R]N[RJ

•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 1N7A2IQ84QI77 lXo 1N7A2IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/ &( XO')
c\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekVBQNJUb 5W_R[XWVNW]JU BN[_RLN\b 9WLr

i\jZi`gk`feV cPi
iXk\ •Xdgc\[V796986977N &'(y

lXk\ y\Z\`m\[V 796986977N

sXYfiXkfip oiV :2'&y,yeyy*

tXki`oV 1Z^NX^\

A^W ?[NY <N]QXM 1WJUb]RLJU <N]QXM 4RU^]RXW 1WJUb\R\ 4J]N 1WJUb\] ?[NY 4J]N 2J]LQ
8 9775I 9775I 8 7969E6977N988A rpg in\nn\nii2 l·ni IAIEN

31B 1WJUb]RLJU
?J[JVN]N[ =^VKN[ <N]QXM AN\^U] x ?@; DWR]\ A^W

3XYYN[ ,))ye*ye- 'yyr, yry+, yryy*y VPw;

wvs b wiXZk`ZXchlXek`kXk`fe c`d`k

ui b ufk [\k\Zk\[ Xk fi XYfm\ k_\ wvs

f b i\k\Zk\[ `e k_\ d\k_f[ YcXeb

b b kjk`dXk\[ i\jlck a wvs Xe[ t tis

S FF4@^JW]R]J]RXW XOLXVYX^WM NaLNNMNM ]QN LJURK[J]RXW[JWPN

w b O_\ ywi Y\kn\\e knf mg Zfcldej \oZ\\[j D7-

u 0 ANLX_N[b R\ X^]XOL[R]N[RJ

•_\Xcp kem`ifed\ekXc •\im`Z\j5 oeZ5
7G QXekX^\ wf`ek ii`m\ R\jk gfcldY`X3 •g 9Q8I9 ,2i·. 13l;31ii lXo ,2i·. IQ84Q888 nnn5j_\XcpcXY5Zfd

?JPN/ &) XO')
s\m\c 8 y\gfik m958

http://www.shealylab.com


gc`\ekV•_\Xcp kem`ifed\ekXc •\im`Z\j3 oeZ5

i\jZi`gk`feVI5E

iXk\ •Xdgc\[V796986977N 89AE

lXk\ y\Z\`m\[V 796986977N

sXYfiXkfip oiVpf987I7477G

tXki`oVehl\flj

yle wi\g t\k_f[ eeXcpk`ZXc t\k_f[ i`clk`fe eeXcpj`j iXk\ eeXcpjk wi\g iXk\ fXkZ_
8 9775I 9775I 8 7969D6977N9A7A rpg 796996977N8897 IAIEQ

ge• eeXcpk`ZXc
wXiXd\k\i uldY\i t\k_f[ y\jlck x wxs Pe`kj yle

i`jjfcm\[ gfgg\i IDD74E74N 9775I 757IE 7577E7 `Z\C

wxs t wiXZk`ZXc hlXek`kXk`fe c`d`k
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